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INITIAL REPORT THIS MONTH 
HE publication of this our sixth issue might well pro- 
=. a suitable occasion for reporting briefly on the CONSTRUCTIONAL PROJECTS 


general reaction from readers following our début five 


months ago, and for discussing (again, briefly) progress PICK-UP AMPLIFIER AND 
made to EQUALISER 402 
During this period we have received a steady stream of 
correspondence. While this represents but a small propor- IMPEDANCE MATCHING UNIT 405 
tion of our present day readership—which has already PULSE COUNTER 407 
reached an impressive figure—it must without doubt con- INEXPENSIVE OSCILLOSCOPE 4I!! 
stitute a fair cross section of the whole. MAGIC BOXES 428 
a : Me iene ieee ies AUDIO AMPLIFIER 435 
rom its very first appearance our magazine has me 
with considerable approval and we are delighted to have MULTIVIBRATOR 438 
gained such a broadly based readership; for on the evidence AUDIO OSCILLATOR 440 


of letters received, it embraces a wide range of age, ex- 
perience and knowledge; it includes amateurs from all walks 
of life and professional electronics engineers. 

We are naturally gratified and encouraged by this response 
and for the emphatic manner in which it has confirmed 


SPECIAL SERIES 


our own belief that keen interest in electronics exists among SEMICONDUCTORS—3 419 
a large section of the technically minded public. To have BUILDING BLOCKS—| 422 
provided something that was (as subsequently revealed) quite 

definitely needed is a cause for some satisfaction, naturally BEGINNERS START HERE—6 432 


enough. But we cannot be complacent—indeed this very 
word has no place in the vocabulary of electronics. 


kk * GENERAL FEATURES | 


Many useful and interesting ideas have been put forward INTRODUCTION TO 
by some of our correspondents and all of these will be 
considered as we endeavour to make further improve- LAMINATED WIRING BOARD 400 


ments in our contents and style of presentation. 
We have had our critics too. Regrettably there have 


been a few occasions that warranted the admonishment NEWS AND COMMENT 

received. Such pitfalls as these we shall make strenuous 

efforts to avoid in future. But as the saying goes—we are, EDITORIAL 399 

RP AN ea DETACHED PARTICLES 427 
We think it will b : i : d that in th f BESS TB OHORATS 430 

e think it will be generally agree at in these few 

months under review we have already given some good THE 73 PAGE 434 

indication of the possibilities offered by electronics. The NEWS BRIEFS 442 

constructional projects described so far represent, of course, 

only a small number of the infinite variety of devices that COLOUR TV SURVEY 446 

the amateur can build for himself or his friends. NEW PRODUCTS 449 
The very variety of possible projects makes electronics 

a widely attractive hobby—but also presents us with certain READOUT 453 

problems of selection. However, by judicious choice of 

subjects it is hoped to provide the widest coverage of 

different specialised interests in the shortest period of time Our May issue will be published on 

possible. Thursday, April 15 
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AQ LAMINATED WIR 


By 
Gordon J. King 


N this month’s issue we are giving a free sample 
oe a modern type of laminated wiring board 
(Veroboard) which many readers will recognise from 
previous articles. The following articles illustrate, 
with practical circuits, some of the ways in which it 
can be used to provide inexpensive miniature units. 
We stress, however, that only one piece is provided free. 

This sample piece has been manufactured specially 
for PRACTICAL ELECTRONICS and is not generally 
available in the size given. However, among the larger 
sizes available the most suitable for general circuit 
construction are as follows: 

Type 42/1503 2-5in x S5in 16 copper strips 
43/1504 2-Sin x 3-75in 16 copper strips 
45/1507 3-75in x Sin 24 copper strips 
46/1508 3-75in x 3-75in 24 copper strips 

Before going into the details of the individual units, 
it may be of interest to discuss some of the methods 
which have been used in electronic circuit construction 
in the past, followed by a brief description of Veroboard 
itself. 

Our counterparts of a decade or two back found it 
necessary to commence a project in electronics first by 
creating a metal chassis, on which the circuit in mind 
could be tailored. Prior to this, a slab of timber 
(hence the term ‘“‘breadboard’’, which is used still 
today) or ebonite formed the foundation of the con- 
struction exercise. 

In this present age of the printed circuit and solid 
state electronics, we no longer need to resort to the 
vintage breadboard methods of our fathers. We can, 
if we wish, etch printed circuits to our own require- 
ments. This is not an unduly difficult task, but it 
does demand the use of chemicals and a certain amount 
of drawing experience. 

An alternative method features perforated resin- 
bonded laminate and terminal pins. The pins are 
designed to push tightly into the holes in the board, 
as required by the circuit design. 


| Pick-up Amplifier and equaliser 
(page 402) 
2 Impedance Matching Unit (page 405) 
3 Pulse Counter (page 407) 
4 Audio Amplifier (page 435) 
5 Multivibrator (page 438) 
6 Audio Oscillator (page 440) 
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The wires on the components are then soldered to 
the pins; the circuit wiring is processed beneath the 
board. The mechanics of this method are similar to 
those of the printed circuit board, since the components 
are held by their connecting wires and electrically 
connected by soldering. The conductors in this case, 
of course, are ordinary wires and not printed wiring. 

A good compromise between perforated boards and 
home-made printed circuit boards, from the point of 
view of the practical experimenter in electronics, is 
Veroboard. This is essentially a universal wiring 
panel which follows a set pattern of straight parallel 
copper strips bonded to a piece of s.r.b.p. (synthetic 
resin bonded paper). Assembly and soldering tech- 
niques, similar to those used in printed circuit wiring, 
can be adopted without the need for detailed planning 
and etching. 

A study of the sample piece (ljin x lin, 99 holes) 
presented with this issue will reveal that a set pattern 
of holes has been provided making up a matrix with 
a pitch of 0-15in x 0-15in between adjacent centres. 
The copper strips are 0-lin wide, 0-0015in thick and 
spaced 0-O0Sin apart. 

They form the interconnecting wires between com- 
ponents, which are laid across the board on the plain 
side (see later articles), The component wires are 
bent as required, passed through the appropriate 
holes and soldered to the copper strips. Any surplus 


wire can be cut off. A variety of component layouts 
can be achieved by cutting the copper strips and using 
wire links where necessary. 


te 


Fig. |. Breaking the copper strips. The spigot on the 
end of the tool is located in the appropriate hole; 
the tool is then turned clockwise to cut the strip 
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Fig. 2. General view of the too! with an enlargement 
showing the details of the cutting edges. The inset drawing 
shows the effect of using the tool on the copper strip 


COPPER STRIP BREAKS 

It is not unduly difficult to process the breaks in the 
copper strips. There are a number of obvious methods 
of doing this which do not call for skill. 

There is a special tool which can be used if a neat 
clean finish is required (see Fig. 1). As will be seen 
from the photograph in Fig. 2 it looks like a short 
twist drill, with a spigot in the centre for locating in 
the hole of the board. It is available from the makers 
of Veroboard (Vero Electronics Limited, South Mill 
Road, Southampton) and from a number of retailers 
under part number 2030/3011. 

An alternative method is to use a sharp thin bladed 
penknife, adopting a backward and forward ‘“‘sawing” 
action. The piece of copper to be removed should be 
cut on either side of the hole. It can then be lifted by 
inserting the blade carefully under the copper. 


The following articles will be concerned with show- 
ing how a piece of Veroboard of such small dimensions 
can be used to build a number of interesting and useful 
electronic devices. 
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MOFJULE ONE 


HE FIRST article in this series shows just how many 
components can be accommodated on such a small 
piece of Veroboard as the one given in this issue. 

The circuit, shown in Fig. 1, is a two-stage d.c. 
coupled audio amplifier with frequency selective 
feedback. The design is suitable for boosting and 
equalising the signal from a crystal or ceramic pick-up 
so as to obtain a ‘“‘flat” output of sufficient level to 
drive a medium impedance, medium gain audio 
amplifier. 

The unit can be employed to provide a signal of 
adequate level to permit the use of an ordinary crystal 
or ceramic pick-up with a transistor radio. Normally, 
of course, when such a pick-up is connected direct to 
the audio stages of a transistor radio the results are 
poor due both to lack of signal and poor impedance 
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Fig. |. Circuit diagram of the complete unit 


matching. If matching and/or equalising is attempted, 
the signal is generally so badly attenuated that there 
is nowhere near enough drive and the output is 
very weak. 

Moreover, some audio amplifiers require extra 
pick-up signal boost to drive them properly, especially 
when the signal is from a low-level pick-up. There 
may also be complications regarding the type of 
equalisation necessary for a crystal or ceramic pick-up 
when connection is made direct to the pick-up sockets 
of an amplifier or control unit. 

The amplifier can help solve some of these problems. 
If necessary, the output signal can be applied to a 
‘flat’? input channel, such as the “radio” input. This 
avoids the possibility of “double equalisation”, which 
is a state that can sometimes exist when a high 
impedance crystal or ceramic pick-up is applied to an 
equalised pick-up channel of an amplifier. 

The amplitude of output signal from a crystal or 
ceramic pick-up is proportional to the extent of 
displacement of the stylus. This means that the signal 
voltage is increased with increase in amplitude of 
movement of the stylus. The rate of the movement or 
the velocity of the stylus has no direct bearing on the 
output voltage with this kind of pick-up. The reason 
for this is that the output is derived from piezo 
electricity when the crystal is subjected to mechanical 
stress by twisting, bending or flexing. The greater 
the stress, the greater the output voltage. 


MAGNETIC OUTPUT 

A magnetic pick-up differs operationally from this 
in that its output signal amplitude is related to the 
velocity of the stylus, meaning that the output voltage 
rises with increase in frequency (i.e. velocity of the 
stylus movement). This is because the magnetic 
pick-up works rather like an electric generator, the 
voltage output of which rises with increase of armature 
velocity. The stylus acts as a component part of the 
armature which moves in a magnetic field. 


When a gramophone record is made, the velocity 
of the cutter increases with increase in frequency, as 
shown by the curve in Fig. 2a. This is known as the 
recording characteristic. To replay such a recording 
a correction circuit, or equaliser, with a response 
complementary to that shown in Fig. 2a is necessary. 
This is shown in Fig. 2b. Hi fi amplifiers usually 
incorporate such a circuit in the pre-amplifier stages 
to obtain a “‘flat” or ‘‘equalised” output. 
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Fig. 2a. 


Recording characteristic 


RELATIVE GAIN 


FREQUENCY (ci) 
Fig. 2b. Replay characteristic using an equaliser 


Since the output from a crystal or ceramic pick-up 
is proportional to the force to which the stylus is 
subjected when tracing a groove, the open-circuit 
voltage is approximately proportional to the logarithm 
of the frequency with reference to the recorded ampli- 
tude. Provided a crystal or ceramic pick-up is loaded 
with a very high impedance (in the order of 1 or 2 
megohms), the output versus frequency characteristic 
is almost the inverse of the recording characteristic. 
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Equalisation is thus automatic. 

Unfortunately, it is not always possible to load such 
pick-ups with very high impedance circuits, especially 
those employing transistors, since transistors have a 
low input impedance. Resistive pads can be used to 
increase the input impedance, but these greatly reduce 
the stage gain and emphasise signal/noise problems. 


LOW LOADED CRYSTAL 

These problems can be solved by applying the pick-up 
signal to a low impedance input. When this is done 
the pick-up output voltage falls and the automatic 
equalisation function is destroyed. The loss of voltage 
can be restored by stage gain, of course, and the loss 
of equalisation by frequency selective feedback in the 
pre-amplifier. 

The source impedance of a crystal or ceramic pick-up 
is a capacitive reactance. When it is loaded by a 
relatively low impedance circuit, the signal current 
passed from the source (pick-up) into the load 
(amplifier) increases with increase in frequency. This 
gives a characteristic similar to that of the magnetic 
pick-up. Thus, a crystal or ceramic pick-up loaded 
with a relatively low impedance (say, 10,000 to 50,000 
ohms) can be applied direct to the equalised magnetic 
pick-up input of an amplifier, provided the output 
from a crystal or ceramic pick-up so loaded is sufficient 
to drive the amplifier. A good signal/noise ratio is 
achieved by feeding the pick-up current direct into the 
base of TR1 (see Fig. 1) via the coupling capacitor Cl. 
The necessary equalisation is provided by R1, C2 and 


COMPONENTS... 


Resistors 
Ri 1-8kQ RS 3-3kQ 
R2 10kQ R6 1500 
R3 27kQ R7 2200 
R4 2-2kQ R8 6802 
All resistors $ watt 10% carbon 


Capacitors 
| 25uF 25V elect. type CE8V) 
C2 
0-068..F type PMX3) 
100uF I5V elect, .C.C, type CE9H) 
25uF I5V elect. adiospares) 


100uF 15¥V elect, .C.C, type CE9H) 


ex, 

0-033uF .C.C. type PMX?) 
oe. 
Cc 


Transistors 
TRI Oc75 


(Mullard 
TR2 OC75 


(Mullard 


Miscellaneous 
Sample Veroboard, screened wire, 9 volt battery, 
battery connector. 


Fig. 4. Component layout. Capacitors C2, C3, C4, C6, and 
resistor R7 have been omitted for clarity but their connections 
are shown 


Fig. 3. Underside view of the board showing the 
copper strip breaks 


C3 in the negative feedback circuit between the 
collector and the base of TR1, so that greater feedback 
occurs at the higher frequencies. The effective output 
at high frequencies will be relatively low. 

The collector signal of TR1 is fed direct to the base 
of TR2 and the equalised output signal appears at 
the collector of TR2. This is coupled to the output 
via C5. Stabilisation at d.c. is provided by the direct 
coupling between TRI and TR2, and the current 
feedback loop via R2. A little extra feedback is 
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provided by the unbypassed resistor R6 in the emitter. 

The pattern of the Veroboard copper strips is clearly 
shown in Fig. 3, as also are the inter-connecting links. 

The assembly of the components on the top of the 
Veroboard is shown in Fig. 4, It will be seen that 
the components are fairly close together, but there 
should be no great difficulty in obtaining components 
small enough to be accommodated. 

The pre-amplifier circuit is based upon a design by 
Mullard Limited, . 


IS SECOND project takes the form of an impedance 
matching unit employing a single transistor. The 
circuit is given in Fig. 1. From this it will be seen that 
the transistor is connected in the common collector 
mode. This is sometimes referred to as an “‘emitter- 
follower” circuit, having features similar to that of the 
valve cathode follower circuit. The input signal is 
applied at the base and extracted from the emitter. 
The circuit exhibits a high input impedance and a low 
output impedance. Although the current gain is high, 
the power gain is low because the voltage gain is less 
than unity, the power gain being the product of the 
voltage gain and the current gain. 


IMPEDANCE CONSIDERATIONS 


The common-collector circuit is not used basically 
to amplify, but as an impedance matching device, often 
being part of a multistage amplifier, and acting as a 
buffer stage. It is also used to replace a transformer 
in audio circuits in particular where a good frequency 
response is required. Typical matched input and out- 
put impedances are in the order of 40,000 ohms and 
1,000 ohms respectively. The input impedance can be 
further increased by the use of a series input resistor, 
such as RI, in the circuit. The output impedance is 
approximately equal to the source impedance divided 
by the current gain of the transistor, while the input 
impedance is approximately equal to the current gain 
of the transistor divided by the load resistor. Phase 
differences between input and output are responsible 
for slight discrepancies in these expressions, therefore 
Ohm’s Law is not strictly obeyed. Thus, the higher 
the current gain of the transistor, the greater is the 
input impedance, while the greater the source 
impedance, the greater the output impedance. 

One application of the device is for the coupling and 
matching of, say, a medium to high impedance output 
circuit on a tape recorder to a low impedance circuit 
on an amplifier. 


IMPEDANGE MATCHING UNIT 


Match your high impedance 


MOPJULE TWO 


microphone to a low imped- 


LOW IMPEDANCE 
ee is ee 


ance amplifier input with this a 


MEDIUM/ HIGH 
IMPEDANCE 


EMITTER FOLLOWER “=== 
CIRCUIT er 


Circuit diagram of the emitter follower 
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Another application is for the connection of a 
medium to high impedance microphone to a low 
impedance input on an amplifier or tape recorder. 
Note, however, that as the circuit does not amplify 
there must be a reasonable level of signal available 
from the microphone. Some tape recorders and 
amplifiers have a 600 ohm signal input. This will not 
accept the signal direct from a low or high impedance 
microphone or programme circuit unless correct 
matching is achieved. The gain of a 600 ohm pro- 
gramme source is usually adequate to overcome the 
lack of gain of the matching device. 


LOW IMPEDANCE MICROPHONE CABLE 


It is also possible to connect the output of the device 
to a medium or high impedance tape recorder input 
channel without undue loss of quality. Thus, should 
one require to extend the microphone cable it is best to 
do this at low or medium impedance rather than at 
high impedance, since the cable is far less likely to 
pick up hum. 


[© © 0 ©0000 00 0] 
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Fig. 2. Underside view showing component connections 


While the input impedance is sufficiently high to 
match almost perfectly into the high impedance of a 
ribbon or moving coil microphone containing its own 
transformer (there are many of these now used with 
tape recorders), the impedance is not generally con- 
sidered sufficiently high to match into a crystal micro- 
phone. 

This is because a crystal microphone has a capacitive 
reactance and, in conjunction with the input impedance 
of the matching device, a response rising with increase 
in frequency is achieved. This gives treble boost or 
bass attenuation (see the article on the crystal pick-up 
amplifier and equaliser). 

Provided that the microphone has sufficient output 
to counter additional loss in the matching device, this 
bass attenuation effect with a crystal microphone can 
be avoided by increasing the value of Rl. The value 
should be increased to a maximum consistent with 
usable microphone gain. 

If hum is troublesome near the microphone, the unit 
should be fitted into a metal housing, such as a small 
tobacco tin or similar container, the tin being connected 
to “earth” or battery positive, 
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COMPONENTS . .. 


Resistors 


Ri 33kQ 

R2 270k 
R3 2-2kQ 
R4 8-2kQ 


All £ watt 10% carbon 


Capacitors 


Cl 25uF 25V (T.C.C. type CE8V) 
C2 25uF 25V (T.C.C. type CE8V) 


Transistor 
TRI OC7I 


(Mullard) 


Miscellaneous 


Sample Veroboard, screen wire, 9 volt battery, 
battery connectors 
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Fig. 3. Component layout of the unit 


Resistor R4 across the output provides d.c. con- 
tinuity should this be required at the microphone input 
socket of the tape recorder or amplifier. R3 is the 
emitter load resistor, while R2 sets the base current 
of the transistor, At normal room temperature this 
sets the collector current to about 0-3mA at 9 volts. 


CONSTRUCTION 


Fig. 2 shows the pattern of the conductors on the 
Veroboard to suit this project. The connections of the 
components can be seen from the black ‘“filled-in” 
holes. The components are mounted on the reverse 
side of the board, as with the other projects. 

Fig. 3 shows the actual layout of the components 
on the reverse side of the board. There is no problem 
at all in the construction of this circuit, and it is ideal 
as a beginner’s exercise. Check that the circuit is 
working by measuring the total battery current which 
should bein the order of 0-3mA, asalready mentioned. + 


HIS THIRD project differs somewhat from the nature 
To the previous ones. Here we have a transistor- 
ised device designed to indicate pulse rate by deflecting 
the pointer of a moving coil meter. The deflection 
increases almost in direct proportion to the pulse rate. 

One application of the device is for the measurement 
of the speed of an internal combustion engine by 
arranging for the pulses generated by the ignition 
system, at the contact breaker, to operate the counter 
and deflect the meter in proportion to the turnover 
speed of the engine. The scale of the meter may then 
be calibrated direct in revolutions per minute (r.p.m.). 

The pulse repetition frequency of a four-stroke 
engine is equal to r.p.m. x 7/120, where n is the 
number of cylinders. Thus, a four-cylinder engine 
running at, say, 3,000 r.p.m. has an ignition pulse 
rate of 100c/s. Similarly, a six-cylinder engine run- 
ning at 5,000 r.p.m. has a pulse rate of 250c/s. At 
the same speed, a single-cylinder, four-stroke engine 
produces nearly 42 pulses per second. The pulse rate 
is doubled on two-stroke engines at the same speeds. 
For instance, a single-cylinder, two-stroke engine 
running at 5,000 r.p.m. produces almost 84 pulses per 
second, while a four-cylinder, two-stroke engine 
running at 3,000 r.p.m. has a 200c/s pulse rate. 


THE CIRCUIT 


The circuit is perfectly straightforward and is given 
in Fig. 1. The pulses are applied to the base of a 
transistor, via a filter comprising Rl, R2, Cl, and C2. 


MO PJULE THREE 


COUNTER 


This deletes any ‘noise’? which may be present on the 
pulses. 

The transistor TR1 is normally at collector current 
cut-off, since the base is returned through R3 to the 
positive supply. However, the application of a pulse 
to the base switches the transistor ‘“‘on’ and thus 
causes a fall in voltage at the collector, due to the 
flow of collector current in R4. When the pulse 
finishes, the transistor is quickly switched off again, 
and the voltage at the collector rises to the negative 
supply value. 

In this way amplified and clipped pulses occur at the 
collector of the transistor. 

The pulses are fed through C4 to the diode D2. 
A direct voltage is thus, in effect, developed across 
VR1, and this is fed on to the meter from the slider 
of VRI1. 

Now, since the pulse current is fed through C4, the 
amount of current flowing through VR1, and hence 
the voltage developed across it, is governed by the 
reactance of C4. The higher the pulse rate, the lower 
the reactance of C4 and the greater the voltage developed 


Fig. I. 


Circuit diagrans of the pulse counter. 
C4 can be from 0- 
jumper link A 


Capacitor 
pF to 0-47pF. See text for details of 
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across VR1. Thus, it will be appreciated that the 
voltage across VR1 will rise almost in direct proportion 
to the pulse rate (i.e., the speed of the engine). 


HOW TO CALIBRATE 


Potentiometer VR1 is used to calibrate the meter 
over the range of speeds required. For instance, if 
full-scale deflection at, say, 5,000 r.p.m. is required, 
then an engine would be run to this speed and the 
adjustment made for full-scale deflection. 

Alternatively, calibration could be undertaken by 
an audio signal generator having a low impedance 
output. The frequency corresponding to the speed of 
the engine should be established on the generator and 
the signal applied “‘live’’ to the pulse input and the 
earthy side to positive supply line, with link ‘‘A’’ con- 
nected to point (1) on the circuit. The generator 
output should be turned well up to ensure adequate 
clipping by the transistor. 


COMPONENTS ... 


Resistors 
RE 22kQ R3 4-7kQ 
R2 3-3kQ R4 8200 
All + watt 10% carbon RS 10kQ 


Potentiometer 
VRI 2-5kQ Preset skeleton miniature type 


Capacitors 

Cl 0O-IpF (T.C.C. type PMX4) 

C2 0-IpF (T.C.C, type PMX4) 

C3 25uF I5V elect. (Radiospares) 
OM 


C4 7uF (T.C.C. type PMX3) 


Transistor 
TRI OC7I (Mullard) 


Diodes 
DI OAZ200 Zener 4-7 volts (Mullard) 
D2 OAS8I (Mullard) 


Miscellaneous 
Sample Veroboard. Moving coil 
fis.d. Battery (see text). 


meter 100uA 


To work in conjunction with a car ignition system, 
the pulse input lead should be connected to the contact 
breaker on the distributor (that is, the terminal marked 


“CB” on the ignition coil). With positive-earth 
electrical systems (seen by the positive terminal of the 
battery being in direct contact with the metal chassis 
of the car), the negative supply lead on the unit should 
be connected to the ignition switch side of the ignition 
coil (that is, the terminal marked “SW’’) and the 
positive supply lead should be connected to battery 
positive or to the metal work of the car. On the unit 
itself, link ‘‘A’’ should be connected to point (1). 

With negative-earth systems, the positive supply 
lead on the unit should be connected to the “SW” 
ignition coil terminal, while the negative supply lead 
should be connected to battery negative or to the 
metal work of the car. Also, link “A” on the unit 
should be connected to point (2). 

It will be understood, of course, that the device 
- could be used to measure not only pulse repetition 
rate but also audio frequencies from a low impedance 
source direct in terms of pointer deflection. For 
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greater sensitivity in the lower frequency ranges C4 
should be measured in value. This can be up to 
0-474F, while maintaining a reasonable physical size 
for this application. This circuit lends itself to experi- 
mentation. 


COMPONENTS 


The Zener diode D1 is a refinement which maintains 
a constant pulse amplitude. It avoids errors in reading 
due, for instance, to an increase in battery voltage 
at high charging currents and it allows powering over 
a range of about 6 to 15 volts. However, the circuit 
will work at slightly increased sensitivity without this 
diode. 


Fig. 2. 
copper strips and component connections 


Underside view showing the breaks in the 
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Fig. 3. Component layout and external lead connec- 
tions. Holes 7D and 3A are the alternative connec- 
tions for jumper link (A) from hole 7A (see text) 


The pattern of the Veroboard to accommodate the 
components and circuitry is shown in Fig. 2. Link 
A and points (1) and (2) are also shown here. 

Fig. 3 shows the physical layout of the components 
on the top of the Veroboard. Note here the polarity 
of the diodes and the electrolytic capacitor C3. 

VRI is a present potentiometer mounted vertically 
in one corner of the board. If the three tags do not 
line up exactly with holes in the board, a good fit 
can, be achieved by extending them with a piece of 
stout p.v.c. insulated copper wire. 


HE construction and layout of the oscilloscope is 
clearly shown in various detailed drawings and 
photographs included in this month’s article. 

As will be noted, tag boards and tag strips are used 
extensively throughout for the mounting of the smaller 
components, both above and below the chassis. The 
large block capacitors, mains transformer and smooth- 
ing choke are mounted on the top; also on the top 
are the tag boards associated with the e.h.t. supply, 
calibration unit and attenuator. The actual layout 
above and below the chassis can be seen from Figs. 
5, 6 and 7. 


METAL WORK 


Both the chassis and the front panel are made from 
trin aluminium sheet. Drilling details for the front 
panel are given in Fig. 4, while the chassis dimensions 
and drilling details appear in Fig. 5. The various 
brackets and clamps for the tag boards, c.r.t. mounting, 
etc., are also made from the same material. 

It is advisable to cut out all the larger holes in the 
chassis before bending, the smaller holes being marked 
off from the actual components and drilled to suit. 
Few dimensions other than for valveholder centres, 
transformer, choke, and c.r.t. are given as the actual 
size of tag boards and components used will vary 
somewhat between individual units. The position of 
all parts is obvious, however, from the drawings and 
sufficient space is available to compensate for any 
differences in dimension which may oecur. 

It will be noted from the drawings that the mains 
switch S1 is mounted at the rear of the chassis. This 
saves having to run two lengths of mains lead the full 
length of the chassis—as would have to be done if the 
switch were on the front panel—and so prevents the 
pick-up and screening problems which would ensue 
if such an operation were carried out. 


SCREENED LEADS 


It will also be noted that quite a number of screened 
leads are used throughout in the wiring. Here again 
this is to prevent stray pick-up and interaction between 
circuits. The use of screened leads also allows much 
more freedom in circuit layout. Generally speaking, 
the components associated with a particular stage are 
mounted on the tag board or strip next to that stage, 
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the connecting leads to the valve pins being short and 
direct. Some of the components however, particularly 
bias and grid return resistors, can be wired directly 
between the valve pins and a suitable earth tag or tag 
strip. The positioning of the various earth tags is 
shown in the appropriate drawings. 

It may be mentioned that the layout in general is 
by no means critical. Those parts of the circuit with 
which rather more care should be taken are the first 
section of the Y amplifier and synchronising sections. 
Here, the leads should be kept as short as possible and 
well away from heater wiring, etc. 

The heater leads themselves should consist of tightly 
twisted twin wire and should be wired in first, being 
laid along the bottom of the chassis. The sequence 
of heater wiring should be transformer x-x to V2, 
V3, V6, V5, and V4, in that order. The heater centre 
tap and h.t. secondary centre tap should be earthed 
together with the incoming mains earth lead to the 
earth tag on the rear of the chassis under the fixing 
screw of T1 (see Fig. 6). The heater wiring should be 
kept as clear as possible from the various valve com- 
ponent tagboards and associated wiring. 

The e.h.t. and calibration components should be 
wired up on their tag boards as shown in Fig. 9 and 
flying leads provided for the various input and output 
connections. The tag boards are then mounted 
vertically on their brackets to the chassis (see Fig. 5). 
The flying leads can be made off later to fit in with 
existing wiring runs. This procedure not only makes 
construction simpler but gives a much neater appear- 
ance when finished. 

If K3/25 rectifiers are used in place of OA210s, 
they will be found to be too large to mount on the 
tag board; they can, however, be mounted vertically 
between tag strips on the back of the bracket which 
supports the base of the tube. 

The Y attenuator resistors are also mounted on a 
tag board with short leads connected (see Fig. 9), 
the tag board is then mounted vertically as close as is 
practicable behind S3 (see Figs. 5 and 6), to which the 
leads are then connected, these being kept as short as 
possible. C11 is connected directly between the input 
coaxial and OZ sockets, and $3. The earth tag on the 
rear of the coaxial socket and the earth tag on the 
base of V2 should be connected together, all earth 
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connections in the attenuator circuit and V2 circuit 
being taken to this common earth line. All other 
wiring should be kept well away from this part of the 
circuit. 


WIRING UP THE CONTROLS 


The various wires to the front panel controls are 
brought up from beneath the chassis through a number 
of grommets situated along the front of the chassis. 
Wiring from the c.r.t. base to the e.h.t. board is quite 
short as this board is mounted quite near the tube 
base. The e.h.t. leads to the focus and brilliance 
controls are rather long, but this does not matter as 
they are only carrying d.c. and are effectively de- 
coupled. 

The connections between the amplifier outputs and 
the tube deflection plates should be wired correctly, 
i.e. V3a anode must be connected to Y1 on the tube. 
This ensures that the convention of positive going 
signals giving an upwards deflection and the time base 
scan going from left to right is maintained. 

If the 3BP1 tube is used, it should be mounted in the 
position shown in Fig. 11. Looking at the base end 
of the tube the spigot should be approximately 40 
degrees anticlockwise from the lower vertical axis. This 
ensures that the time base line lies in the horizontal plane. 

Types 3EP1 and 3GP1 should be mounted with their 
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Fig. 4 (left). The front panel drilling 
details. This panel consists of a piece 
of aluminium sheet in thick 


Fig. 5 (facing page, top). Plan view 
of the top of the chassis. All essen- 
tial dimensions for the construction 
of the chassis appear in this diagram 
or in Fig. 6 immediately below. 
Details of the visor are also included 


Fig. 6 (facing page, bottom). Side 
view of the complete assembly. Here 
are included certain dimensions not 
n shown in the plan view, Fig. 5. The 
2% location of all the major components 
| is indicated, but the wiring is omitted 


spigot at bottom centre. This is also shown in Fig. 11. 

Any final adjustment to the c.r.t. orientation can be 
made later with the oscilloscope in operation, after 
which the base clamp is locked in position. 

Base connections for the three types of tube pre- 
viously mentioned (3BP1, 3EP1 and 3GP1) are given 
in Fig. 11. 

Perhaps it should be repeated at this juncture that 
all the above mentioned tubes are American surplus 
types. Although type 3BP1 is used by the author, the 
other two alternatives are very similar and can be used 
with confidence. Any minor readjustments that may 
be necessary for the 3EP1 or 3GP1 tubes will be des- 
cribed in the final article in this series which will deal 
with testing and setting up the oscilloscope. 


MU-METAL SCREEN 


The mounting and fixing arrangements for the mu- 
metal screen can be seen in Figs. 5 and 6. This arrange- 
ment can be varied to suit individual requirements, 
as the clamping and fixing arrangements tend to vary 
slightly depending upon the type of screen obtained. 
There is ample space on the chassis to meet the various 
requirements and, as mentioned previously, the lay- 
out is not too critical so that the component layout 
on top of the chassis may be slightly rearranged if 
necessary. 
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Fig. 10 (below, left). Base 
and lead connections for the 
valves and semiconductors 
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Some components not shown in the drawings are 
the time base capacitors C21—C24. The large capaci- 
tor C24 is mounted as in Fig. 5, the remainder (C21- 
C23) are connected directly between the common point 
on this capacitor and the tags on S5. This keeps the 
lead length between the time base capacitors and S5 
to a minimum. 

Another point which should be mentioned is the 
positioning of the mains transformer and smoothing 
choke. These two components should be aligned 
in the position where the magnetic field has least effect 
on the c.r.t. and the connections to it, i.e. the field 
should run parallel with the c.r.t. and not at right 
angles to it. This is to prevent magnetic pick-up 
effects which can give a distorted trace—and is, of 
course, one of the reasons why the mu-metal shield 
for the c.r.t. is of such importance. 

The base and pin connections for the various valves, 
transistors and diodes are shown in Fig. 10. 

Details of the lettering and layout of the controls, 
switches, sockets, etc., are shown in Fig. 8. The 
various titles and scales can be put on the front panel 
in a number of different ways. For those with a steady 
neat hand they can be marked with draftsman’s ink. 
Another method is to use letter transfers of which a 
wide selection of types are available. Otherwise the 
various titles can be simply typed out and transferred 
by means of double backed adhesive paper to the 
front panel. Finally, a coating of clear quick drying 
lacquer (clear nail varnish is ideal) over the labels will 
keep them clean and legible. 


VISOR AND GRATICULE 


Two “extras” which may be simply constructed and 
add to the usefulness and appearance of the instrument 
are a visor and graticule. 

The dimensions of a suitable visor are shown in 
Fig. 5. This item can be made from in sheet brass 
bent around a former of suitable diameter, the joint 
being soldered. Alternatively, a tin of the right 
diameter can be cut to the appropriate length. The 
visor can be fixed to the front panel by means of three 
small right angle lugs, soldered to the visor and screwed 
into the front panel. 

The inside of the visor should be painted matt 
black to prevent reflection and a piece of split heavy 
wire insulation (a piece of coaxial cable with the 
centre core and screen removed is ideal) gummed 
around the outer edge to prevent any cuts occurring. 
The visor will allow waveforms to be viewed under 
conditions of high ambient light and also help to prevent 
accidental damage to the c.r.t. face. 

A graticule can be easily made from a piece of in 
perspex or other transparent material. The engraving 
can be performed with a sharp cutting tool with a 
fine edge, care being taken not to let the tool slip 
when carrying out this operation. First the two axes, 
horizontal and vertical, are marked exactly at right 
angles to one another so that they intersect exactly in 
the centre of the circle of material. A series of fine 
lines exactly one centimetre apart are then marked 
from each of these centre lines so that the final result 
is a circle of material divided into one centimetre 
squares which just fits inside the visor and can be 
pressed flat against the face of the tube. The finely 
etched lines can be filled with black crayon so as to be 
easily seen against the tube face. 

The advantage of a graticule is that it allows quick 
and reasonably accurate calibration checks to be made 
and allows signal levels to be read direct, the Y amplifier 
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being calibrated in volts per centimetre. When 
making such measurements care must be taken to 
view the screen directly and not at an angle as this 
leads to parallax errors and consequent inaccuracy 
in the measurements. 

Another point which may be mentioned is that 
while the calibration unit is an obvious asset to the 
oscilloscope, it is by no means essential to its function 
and can be omitted if required. For this reason the 
calibration circuit in Fig. 1 is shown inside a broken 
line and can always be added at a later date if necessary. 


HOUSING THE INSTRUMENT 


Finally, the outer case can be constructed from 
Zin or #in plywood or, if adequate workshop facilities 
are available, from in aluminium with metal bracing 
at the edges and corners. A number of ventilation 
holes should be drilled around the top and bottom 
edges of the sides, and a hole must be cut in the back 
plate in the appropriate position to allow access to the 
mains switch. A three or four inch handle on top 
of the case helps towards making the instrument 
relatively portable. 


ERRATA 


The following amendments to Part 1 of this article 
(last month) should be noted. 

Specification (page 328): Time base range No. 3 
should be Ims/cm to 100ys/cm. 

Components list (page 331): R45 is rated at 1W; 
add C28 0-14F paper 150V. 

Fig. 3. Time base generator and X amplifier circuit 
(page 335): Capacitors C21 to C24 inclusive have 
been inadvertently reversed in this diagram. These 
capacitors should be connected to the time base 
switch $5 as follows: switch position (1) C24; (2) C23; 
(3) C22; (4) C21. 


Next month: Testing and setting up the oscilloscope 
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PART 3. PNP JUNCTION TRANSISTORS 


\* THE FIRST article of this series we discussed the 
rectifying action of a pm junction. Basically, a 
transistor is a device with two such junctions, one of 
which controls the current through the other. Al- 
though the effect is approximately the same as that of a 
valve, the control mechanism is completely different. 

A germanium pnp transistor consists of two layers 
of p-type germanium separated by a much thinner 
layer of n-type material. Once this arrangement and 
the theory of the current flow is understood, transistors 
should present no problems. 


BASIC CONFIGURATION 


Fig. 1 shows the circuit diagram of a typical transis- 
tor amplifier. It could be the a.f. stage of a receiver, 
for instance. It has three connections: one is fed 
via a load resistor from a low voltage supply; one is 
supplied via a potential divider with a much lower 
voltage; the other is led through a resistor to “ground”’. 
If we use batteries to represent the voltage supplies, 
omit the resistors and replace the transistor circuit 
symbol with a diagrammatic section of the device, 
the effective circuit is that shown in Fig. 2. Now we 
can compare the transistor configuration with that of a 
normal triode shown in Fig. 3. 

The triode too has three connections, one of which 
is connected to ground, one to a high voltage supply, 
and one to a lower voltage. In this respect at least the 
circuits are similar. 

The upper electrode of the transistor, which seems 
to correspond to the triode anode, is called the col- 
lector. The centre, or thin section, which from its 


—Vee 


= 
—Vbb bb 


Fig. |. Basic grounded emitter 
configuration of a pnp transistor 
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Fig. 2. Diagrammatic section of 
a pnp transistor with power sup- 
plies connected 
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position in the circuit should be analogous to the grid 
of a valve, is called the base. The lower section takes 
the place of the valve cathode and is called the emitter. 

Some differences in the nature of the two devices 
will become obvious when we examine the direction 
in which the voltages are applied. The base bias, 
which is usually termed Vs,, makes the base negative 
with respect to the emitter. Bearing in mind that a 
pn junction is a rectifier in which the effective direction 
of electron flow is from n to p, this means that a steady 
current, Jp, flows in the base circuit. In other words, 
the base-emitter junction is forward biased. The 
collector supply, Vcc, makes the collector negative 
with respect to both base and emitter. So the col- 
lector-base junction is reverse biased. 

In a valve the anode-cathode circuit is forward 
biased by the h.t. supply while the grid is reverse 
biased in opposition to the electron flow from cathode 
to anode. 


PRACTICAL EXPERIMENT 


Before going into the theory it might be helpful to 
connect up a transistor and see how it responds to the 
applied voltages. Make up the circuit of Fig. 4, 
using any low power germanium pnp transistor. The 
principles are the same whatever the type number 
used because all transistors in the same group behave 
in a similar manner. Since this is merely a quick 


experiment there is no point at this stage in making 
an elaborate construction job. , Just make the neces- 
sary connections and then get to work on the experi- 
ment. 
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Fig.3. Basic triode configuration 
with power supplies connected 
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Fig. 4. Experimental circuit to determine current gain 

Start with both potentiometers at the lower end so 
that no voltage is applied either to collector or base. 
Then slowly turn up the collector supply potentio- 
meter till nearly 9 volts is applied to the collector. 
You should see virtually no current indication on the 
collector current meter. If the needle flicks over or 
if there is anything like a substantial current then 
you have either chosen a faulty transistor or the col- 
lector supply polarity is incorrect. By starting at 
zero potential you minimise the likelihood of damage 
due to mistakes. 

Now begin to turn up the base voltage. You will 
notice that as base current begins to flow the collector 
begins to draw current. Further, while the base 
current can be measured in microamps, the collector 
current is in the order of milliamps. The ratio between 
changes in the two will be about 50 to 1 depending 
on the current gain of the transistor used. For 
instance, if the base current increases by 10 microamps 
the collector current will increase by approximately 
500 microamps or 0-5mA. 

Once you have satisfied yourself on these points try 
varying the collector supply voltage. It will have 
some effect on the collector current but nowhere near 
so much in proportion as the base voltage. On the 
other hand, you will find that a small change in base 
voltage causes an appreciable change in base current. 


CHARACTERISTICS 


From this experiment we can draw the following 
conclusions: 

1. Base voltage has a greater effect than collector 
voltage on collector current. In this respect the 
transistor behaves like a valve. 

2. The output impedance of a transistor must be 
high because a change in collector volts has a relatively 
small effect on collector current. This too is similar 
to a valve. 

3. The input impedance of a transistor is low because 
the input current changes readily with base voltage. 
This is directly opposite to valve behaviour. 

4. Unlike a valve, the input circuit is biased so 
that the equivalent of a steady grid current flows. 

5. Changes in input current produce much larger 
changes in output current. So the transistor acts as 
a current amplifier. 

6. Because the input of a transistor draws current 
it must put a load on the circuit preceding it. Conse- 
quently, the signal operating a transistor amplifier 
must supply power whereas, under ideal conditions, 
a valve draws no power at all from the signal which 
operates it. This is the really big difference between 
valves and transistors. 


THEORY 


Having established these points by experiment, we 
can now set about deducing the theoretical reasons 
for them. To do this we need to consider the be- 
haviour of the electrons and holes in the three layers 
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of the transistor. Fig. 5, which shows the distribution 
of the current carriers, should help. 

In the case of a pnp transistor the current will be a 
movement of electrons. The physical thickness of 
the base may be as little as 0-0005 inches. In the 
thicker layers of p-type germanium which comprise 
collector and emitter the current will be carried by 
holes. 

Since holes are positive, the base bias Vo, tends to 
move them in the direction shown. At the base- 
emitter junction some of the holes are filled by elec- 
trons from the negative pole of the battery. The 
positive battery pole attracts electrons from the far 
end of the emitter, thus creating more holes. These 
move from positive to negative towards the base. 
Because the base is so small, it cannot conduct sufficient 
electrons to fill all of the holes. So, in addition to the 
steady flow of electrons, /,, we get a concentration of 
holes on the emitter side of the base-emitter junction. 

The collector voltage, Vcc, is connected in opposition 
to the rectifying collector base junction and can only 
have a limited effect on the movement of current 
either as holes or electrons. Some of the holes will 
be “‘filled’’ in the collector and attract more electrons 
to the collector end remote from the collector-base 
junction. This produces a shortage of holes, which 
of course is equivalent to a surplus of electrons, close 
to the junction. 

Thus, on one side of the microscopically thin base 
layer we have a surplus of electrons and on the other 
side we have a concentration of holes. Under these 
conditions only one thing can happen. The electrons 
shoot through the thin barrier and fill the holes. 
This continues for as long as the base bias maintains 
the concentration of holes at the base-emitter junction 
and the collector voltage keeps up the shortage of 
holes in the collector. So a steady collector current 
flows. 

The base layer is so thin that it cannot conduct 
sufficient electrons to fill mére than about | in 50 
of the concentration of holes that its potential draws to 
the junction. The remainder are filled by electrons 
from the collector. On the other hand, unless the 
base bias maintains a concentration of holes at the 
base-emitter junction, there are no holes for the col- 
lector’s surplus electrons to fill and no collector current 
can flow. 

Since for every hole filled by a base electron 50 
are filled by collector electrons the collector current 
is 50 times as great as the base current. So a small 
change in base current will be magnified 50 times 
in the collector. This current amplification is called 
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Fig. 5. Distribution of current carriers (pnp transistor) 


the current gain of the transistor sometimes referred 
to as # or a’. Recent improvements in manu- 
facturing techniques have produced transistors with 
betas of well over 100, but it is true to say that the 
average transistor has a beta in the region of 50. 


VOLTAGE GAIN 


So far, so good! We can use a transistor to amplify 
a current change. But how do we achieve a voltage 
gain? Theoretically, we need only to include a load 
in series with the collector and take off the voltage 
variations across this. Let us see if this is practicable. 

Make up the circuit of Fig. 6. This is identical with 
Fig. 4 except that a collector load resistor has been 
added and we measure voltages instead of currents. 

With the base potential set to zero the collector 
voltmeter will indicate 9 volts. This means that the 
transistor is cut off, which is consistent with the 
theory we have just discussed. As you increase the 
base voltage the collector voltage will begin to fall. 
This shows that the collector is drawing a current and 
a potential difference is produced across the load. 

The exact results will depend to some extent on the 
transistor you are using, but by varying the base over 
a small fraction of a volt, you should be able to vary 
the collector voltage over a few volts. Collector 
voltage will continue to fall as you increase the base 
bias but with the circuit values shown it should be 
impossible to turn on the transistor to the extent of 
causing damage. A collector load of about 10 kil- 
ohms should limit the collector current to less than 
1 milliamp. 


Fig. 6. Experimental circuit to determine voltage gain 


Use the base control to set the collector voltage at, 
say, 2 volts. Now measure the amount by which the 
base voltage must be reduced to increase the collector 
voltage to 7 volts. This will be in the order of 0-025 
volts. Looking at this from an a.c. point of view it 
seems that a signal of 0-025 volts peak to peak would 
give an output of 5 volts peak to peak. So this 
circuit has a theoretical voltage gain of 200, which is 
not unreasonable. 

It is safe to say that you will get a result of this 
order because the beta of most transistors in common 
use is about 50. As they all have a fairly high output 
impedance and a fairly low input impedance the per- 
formance of one transistor at low frequencies is very 
like that of another. At higher frequencies additional 
factors must be taken into consideration. 

Next month, in the concluding article of this series, 
we will discuss more practical circuits. * 
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LECTRONIC BUILDING BLOCKS 


ne 


PART ONE 


a piece of electronic equipment, no matter how 
simple or complex its design, can be broken down 
into a number of basic electronic “‘building blocks”’. 
All readers will, no doubt, be familiar with the type of 
“block diagram” shown in Fig. 1.1. This particular 
drawing depicts the functional layout of a conventional 
superhet receiver and, as can be seen, shows that the 
receiver consists of the following building blocks 
suitably arranged: r.f. amplifier, mixer, oscillator, 
i.f. amplifiers, detector, a.f. amplifier, power amplifier, 
and loudspeaker. 

Once the principles of each of the above building 
blocks has been grasped, it becomes simplicity itself to 
understand the working of the complete superhet. By 
the same token, the intricacies of any piece of equip- 
ment are easily grasped if the basic building blocks 
employed are understood and, similarly, a designer 
must have a wide knowledge of all electronic building 
blocks if he is to develop a new piece of equipment to 
carry out a particular function. 

It is the object of this series to lay before the reader 
the essential details of most of the basic building blocks 
in use at the present time. Basic functional and 
design details will be outlined in easily understood 
terms; a non-mathematical approach to the subject 
will be maintained, and in many cases practical circuits 
for the experimenter will be given. 

The first part of this series is devoted to introducing 
the reader to some of the building blocks that will be 
described in more detail in subsequent issues. 


SIMPLE ATTENUATOR 

As the name implies, this circuit is used to give an 
output which is smaller than the input by a predeter- 
mined amount, but of the same general form. An 
example of this circuit is the volume control. In this 
case the precise amount of attenuation is of little 
importance and the control is not calibrated. In 
many cases the precise amount of attenuation will be of 
great importance, and the resistive values will have to 
be chosen with great care. The circuit shown in Fig. 1.2 
gives an attenuation of 10 (or —20dB) the upper resistor 
being made 9 times as great as the lower one. 


BRIDGE 
A variation of the simple attenuator circuit 
is the basic resistance bridge. It can be seen from Fig. 
1.3 that this circuit consists of two attenuator or voltage 
“divider networks, with a common supply. The output 
is taken from between the two centre resistance junc- 
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tions. If the ratios of the two dividers are the same, 
there will be zero voltage difference between the 
junctions. If the ratio of only one divider (R3: R4, 
for example) is known, and the value of only one of the 
resistors in the other divider is known and the circuit 
gives zero voltage_difference at the junction, the value 
of the fourth resistor can be calculated. This prin- 
ciple is used in the well known Wheatstone measuring 
bridge. By using reactive, instead of resistive, com- 
ponents in the dividers, the circuit can be used to 
measure values of capacitance, inductance, frequency 
or phase shift. 


PASSIVE ADDING OR MIXING NETWORKS 

The simple resistive network shown in Fig. 1.4 enables 
voltages to be added together without effecting or 
loading one another. The output is smaller than, but 
directly proportional to, the sum of the inputs. The 
circuit may be used for addition in an analogue com- 
puter, or as a mixing network. 


FILTERS 

As the reader will realise, filters are devices which 
enable one narrow band of frequencies to be selected 
from all others (such as in high pass or low pass 
networks), but the scope of this subject is so vast that 
it will be possible to discuss it only very briefly in this 
series. 


DIFFERENTIATING CIRCUITS 

These consist of a resistor and a capacitor as shown 
in Fig. 1.5. Also shown is the effect that the circuit may 
have on a square-wave fed into it. The waveshape is 
considerably altered. The “decay” time of the modified 
waveform can be calculated from the component 
values chosen, one of the most valuable properties of 
the circuit being that it contains an inherent time 
constant. This time constant is one of the most 
important and useful properties in electronics. It 
may be used, for instance, as a wave shaper. It also 
presents one of the limiting factors in amplifier frequ- 
ency response. 


DISCRIMINATING DIODE 

It can be seen from the diagram for the differentiating 
circuit that, if a square wave is fed in, the output wave- 
form has a positive and a negative “‘spike’’. In many 
cases only one of these spikes will be required; by 
wiring the diode as shown in Fig. 1.6, the negative spike 
will be virtually eliminated, i.e. the diode enables the 
circuit to discriminate between positive and negative 
voltages. If required, the diode can be reversed and 
the other spike rejected instead. This circuit is often 
used in direct reading frequency meters. 


DETECTOR 
AND AGC. 


| Fig. 1.1. A“‘block” diagram of a superhet receiver. Note: The i.f. amplifiers 
| are another form of i amplifier and the a.g.c. circuit is a variation of the 
detector. ERRATUM. The arrow feeding the a.g.c. line should come out of the 
detector and a.g.c. block, not into as shown 


Fig. 1.2. A simple attenuator Fig. 1.3. A basic bridge 


INPUT OUTPUT 


y ._ VitV2+V3 
ES a 


Fig. 1.4. A passive adding network 


Fig. 1.4. A differentiating network with a discrimi- Fig. 1.7. A differentiating network with a clamping 
nating diode added diode added 
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OUTPUT 


TRIGGER INPUT 


Fig. 1.15. Blocking oscillator 


Fig. 1.19. A Schmitt trigger 


BISTABLE MULTIVIBRATOR 

This again is a two-state device, but in this case it is 
not free running (see Fig. 1.17). The change from one 
state to the other must be activated by an externally 
applied pulse or signal. Two input pulses are necessary 
in order to cause a complete cycle of changes of state, 
resulting in only a single output pulse. The circuit 
thus divides by two, and is known as a binary divider. 


MONOSTABLE MULTIVIBRATOR 

This third member of the multivibrator family is a 
combination of the other two (see Fig. 1.18). It has one 
stable and one semi-stable state. To cause a change 
from one state to the other, an external pulse must be 
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Fig. 1.18. A monostable multivibrator 


applied, as in the case of the bistable multivibrator, 
but after a predetermined time the circuit will again 
revert to its first state, as in the case of the astable 
multivibrator. 


SCHMITT TRIGGER 

This is yet another two-state device, but in this case 
the state depends on the input voltage level. In its 
normal state, TR1 will be off and TR2 on (see Fig. 1.19). 
If the voltage is now applied to the input and slowly 
raised in amplitude, a point will be reached where 
TRI1 will suddenly switch on and TR2 switch off. This 
condition will be maintained as long as the input 
voltage is not reduced below the “trigger’’ level. If 
the voltage is so reduced, the circuit will switch sharply 
back to its former condition. One of the many uses 
of this circuit is that of producing a square wave from a 
sine wave input. 


OTHER CIRCUITS 

As well as the basic building blocks that have been 
briefly mentioned in this article so far, many other 
types also exist. In the field of mathematically 
operating circuits, for example, alternative circuits can 
be used for addition, subtraction, multiplication, 
division, differentiation and integration, as well as 
circuits which follow square or square-root laws. 

This concludes our initial survey of the subject of 
building blocks. Detailed treatment of the various types 
of circuit mentioned will be given during the course of 
this series. 
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CRYSTAL BALL 


a Bas early months of the year seem 
to be particularly propitious for 
the crystal gazers. From among a 
flood of predictions concerning the 
social and scientific changes that are 
likely to descend on us (with bene- 
ficial results, of course!) in the not 
too distant future—I note just two 
or three. 

Data transmission by teleprinter 
network is a field where one can ex- 
pect continuing growth. In the United 
States computer grid systems are 
already in operation. At the present 
time it is possible to make connection 
with a computer at Massachusetts 
Institute of Technology from any- 
where in the United States. Such is 
the potential development of these 
computer networks that the American 
Telephone and Telegraph Company 
estimates that by 1970 more revenue 
will be received from the trans- 
mission of computer data than from 
ordinary telephone conversations. 


HUMANS FIRST ! 


oI detect a hidden danger here? 

Will this suggestion of lucrative 
business tempt our own G.P.O. to 
concentrate heavily in this direction to 
the detriment of the ordinary (would- 
be) subscriber ? 

Those long suffering members of 
the public who are still trying to 
speak to their fellow-men cannot be 
expected to enthuse over the news 
that machine can talk to machine 
from one end of the country to the 
other. We humans must exert our 
rights you know! 

The year: the same. The scene: 
the United States as ‘before. 

After all the dire warnings of un- 
employment resulting from the wide- 
spread use of computers and auto- 
matic processes, it is comforting (to 
some of us at any rate) to read that 
in the very birthplace of automation 
itself, it is now forecast that 30,000 
additional journalists will be required 
by 1970. 

News—the unpredictable goings- 
on in the world brought about chiefly 
by erratic unprogrammed humans— 
will still need human gatherers and 
recorders. 


RUSH HOUR 


For a final peep into the future let 
us come back home, where we find 
London Transport 
further ahead. 
official of this body, by the year 2,000 
we can expect an almost completely 


looking even 
According to an 


automatic Underground. Just one 
man per trainand one manper station. 
Trains and passengers alike will be 
controlled by magnetic fields, the 
first by magnetic pick-up coils, the 
second by means of metallic coated 
tickets which will permit entry or exit 
via automatic gates. 

It will be just my luck to lose my 
ticket and then discover that the 
solitary custodian of the station has 
gone off for his tea. 

Perhaps a slight disappointment 


‘for Londoners: the Wellsian scene 


with moving pavements and high 
speed monorail systems is not to be 
expected by the end of the present 
century. Don’t know about you, but 
I can’t afford to wait much longer 
than that! 


ALL GHANGE 


| a decision is taken shortly to 

change our currency over to a 
decimal system, much will have been 
due to the recommendations of the 
electronics industry. 

As we all know the question of a 
decimal system has been under care- 
ful investigation for the past few 
years. All the signs-are that despite 
some stubborn resistance to any such 
radical change by some individuals 
and a few organisations, the majority 
of informed opinion in the country 
strongly favours the adoption of some 
form of decimal currency. 

Just recently the Economic 
Development Committee for the 
electronics industry added its voice 
to those in favour. The sale of 
computers overseas is often handi- 
capped at present due to the need to 
produce two different models—one 
for the home currency in pounds, 
shillings and pence; the other for 


‘ the decimal system which is almost 


universally in use. 

If any further weight of opinion 
was needed to swing the balance 
decisively one way or the other— 
then it is my guess that the vital 
computer industry has provided it. 


ELECTRA’S THE NAME 


VE find nowadays various com- 
mercial and non-commercial 
organisations changing their names 
or modifying them to include some 
reference to electronics. 

The Electrical Trades Union is one 
of the latest organisations to decide 
that a more with-it title is desirable. 
True they have delved back into 
Greek mythology and adopted the 
name of a Trojan War _ leader’s 
daughter—Electra. But still very 
apt, I think, for this is obtained from 
the abbreviated form of the proposed 
full titke—which is Electrical, Elec- 
tronics and Communication Trades 
Association. . 

By the way, it comes to mind that 
a lady of the same name is oft seen in 
the Thames estuary waters. The lady 
in this case is a launch owned by the 
Marconi Company and used as a 
practical showroom for marine radio 
and radar equipment. 

A final thought. Electra slaving 
over a hot open stove all those 
hundreds of years ago could not, 
despite her name, have had any pre- 
monition of the labour-saving kitchen 
of today. But we must be careful. 
The housewife of 1980 will probably 
recall, as she pops a programme with 
complete menu for the evening meal 
into her electronic cooker prior to 
setting off on a day’s jaunt, just how 
tied down her mother was way back 
in the 50°s and 60's. 


Frankly, mother, he doesn’t think 
much of today’s programme 
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MAGIC BOXES. 
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LTHOUGH over five hundred solutions were sent in 
during the week following publication of our Feb- 
ruary issue, no One provided an exact duplicate of our 
original circuit as shown in Fig. 2 of last month’s 
article ““Magic Boxes’’. 

Many and varied were the circuits devised by our 
ingenious readers. Most of these would undoubtedly 
provide the required function, i.e. control of two lamps 
over a single pair of wires, but in many cases the 
circuits suggested were unduly complex, and indeed 
likely to provide exceedingly uneconomical if one had 
to buy all the components called for! 

Three readers submitted circuits that were correct 
in principle and would perform entirely satisfactorily, 
but each of these differed in some minor detail from 
the original design explained below. 


THE WINNER 


Mr. C, W. JoLtty, HORNCHURCH, connected the 
Zener diode D1 across LP1 (green) instead of across 
LP2, and gave the rating of one lamp as 6-5V 0-02A 
instead of 6V 0-06A. His supply voltages were correct 
and, furthermore, by using only three taps on the 
battery, appears to have improved somewhat on the 
original design. 

R. J. WarD, WARWICK, placed the Zener across the 
right lamp but with reversed polarity. A 9V supply 
was included but tapped at +-7-5, +6, 0, and —1-5V. 
The polarity of the supply was in accord with Zener 
connection. 

K. WILSON, OLDHAM, also connected the Zener 
across LP2 but in reverse. His lamps were rated at 
6V 0-04A and 6V 0-3A, and the supply provided was 
+6V, —6V, and +12V. 


Although these three were very close contenders for 
the prize, it was easy to declare C. W. Jolly the winner, 
since apart from being the first of this trio to arrive 
at our office, his answer does more closely match the 
published circuit than the other two. A consolation 
prize of one guinea has been awarded to each of these 
two runners-up. 


AN ABUNDANCE OF DIODES 


Very hot on the trail were the thirty-odd readers who 
realised the secret lay in the use of a Zener diode. 
But alas, they were not content with only one, and 
various combinations of Zeners and ordinary diodes 
appeared. 

Quite a few who had not seen the light concerning 
Zener breakdown put their trust and hope in the 


common or garden diode—a single specimen, or any 
number up to five. 

Most of the above mentioned arrangements would 
appear to work, but all certainly required more com- 
ponents than the original design. 


BY BATTERY ALONE 


In the highly commended class come economically 
minded readers who eliminated diodes entirely. With 
three identical batteries, two lamps, and a three-way 
switch they almost got there: but not quite, for with 
this arrangement (see Fig. 1) no “off’’ position can be 
provided and therefore the lamp box is not completely 
under the control of the switch box. Furthermore, 
in the “Green and Red” position, the lamps glow with 
but half their normal brightness. 


Fig. I. 
being identical. Unfortunately this circuit will not permit 
both lamps to be extinguished at the same time 


This arrangement relies on all battery voltages 


Perhaps a note should be added here to explain that 
while no “off*’ position was indicated in the published 
circuit, it is nevertheless quite practical to incorporate 
one if one substitutes a four-way switch for Sl. In 
fact this has been carried out on the original model in 
our possession—see photographs. 


A.C. HELPS OF COURSE 


Now to refer to the largest category of answers 
received. At least 180 readers stipulated an a.c. supply. 
This, they suggested, was to be fed in from some external 
source—despite the fact that no additional leads or 
connections were indicated in our photograph of the 
“Magic Boxes’. Of course, once a.c. is permitted, 
the remainder is easy! 

Most of this group voted for a pair of diodes in each 
box, connected up as shown in Fig. 2, although some- 
times the diodes would be in parallel with the lamps. 
The individualistic approach was also apparent: some 
used a battery for single lamp operation and a.c. for 
dual operation, while some used C and L filters in 
place of some of the diodes, and so on. 
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Fig. 2. 


No real problem if a.c. is allowed, as this typical 
circuit makes clear. Many variations of this idea are, of 
course, possible 


An alternating or pulsating supply was very much in 
favour by another large group, of about 100—but 
these were independent characters who devised the 
means for generating the desired waveform inside the 
box. Much enterprise was shown here naturally. 
We had phase shift oscillators, valve and transistor 
multivibrators, electro-mechanical vibrators, binary 
counters, variable frequency oscillators—anyhow you 
name it, we have it! 

Quite a few alert readers “‘appropriated’’ the tran- 
sistor inverter circuit described in the previous page 
to that carrying the announcement of the “Magic 
Boxes”’. And some admitted it too! 

[We will have to be more careful with our page 
arrangement in future—Editor.] 


RELAYS IN STRENGTH 


The second largest group was composed of the 
relay devotees. Yes, we know you can do almost 
everything with relays, but what about the cost ?—and 
don’t forget the boxes are supposed to be quite port- 
able. Perhaps you will forgive us if we were a trifle dis- 
appointed at this un-electronic approach! 

Our spirits were restored however by the small band 
who suggested bona fide electronic means to achieve 
ourend. These included transistors operated as on/off 
switches, and the humble neon also employed as an 
on/off device. 


MISCELLANY 


You think we have about now exhausted all the ideas 
brought forward? Not in the least. However, it is 
possible to mention just one or two of the more unusual 
suggestions. 

The problem imposed by the limitation to a pair of 
wires was tackled with some resolution it must be 
conceded. A third “wire’’ was conjured up by a few 
readers who made both boxes of metal. Unfortunately 
they completely overlooked the practical attribution 
of the “Magic Boxes’’ as a means of remote control. 

Rather more subtle was the introduction of a 
screened lead as one connection; this involved a 
modification to the crocodile clip and an additional 
stud on Box B. Sorry, but that’s cheating. 

Oh yes, we did also get a pair of double-cored leads. 

A Wheatstone bridge arrangement was suggested 
and looked feasible. 

The adoption of a moving coil meter, so that its needle 
would act as a switch wiper arm making contact with 
various points according to the amount of current 
fed down the lines, appeared more than once. 

Electro-mechanical engineering was well represented, 
quite a few ideas coming from model control enthusiasts 
we suspect. One of the more intriguing ideas in this 
department was a motor driven drum with metal 
segments which would produce three different kinds of 
signal according to speed and direction of rotation. 


THANK YOU ALL! 


The circuits submitted often showed considerable 
attention to detail both technically and from a drafting 
point of view, with circuit. values carefully worked out. 
Many circuits were accompanied by clear explanations 
of how the particular arrangement functioned. 

Thanking all who participated in this little electronic 
exercise, we would emphasise that although the vast: 
numbers involved make it impossible to acknowledge 
each entry individually, each idea submitted received 
careful scrutiny. 
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HIGHLIGHTS FROM THE CONTEMPORARY SCENE 


TACHUS SQUARE in Munich, believed 

to be the busiest traffic centre in 
Europe, is undergoing extensive 
rebuilding which will incorporate an 
electronic automatic traffic control 
system developed by Ellott Auto- 
mation in conjunction with Signalban 
Huber K.G. of Germany. The heart 
of the system is an Elliott ARCH com- 
puter which will control the traffic 
flow by using up to the minute infor- 
mation provided by traffic conditions 
prevailing at the time. 

When the rebuilding operations are 
complete, traffic will flow at four 
levels; two of these will be used by the 
underground railway, one for pedes- 
trians and the fourth for motor traffic 
and public transport. It is planned 
to integrate the control of tramways 
with motor traffic by storing and using 
an abbreviated version of the tram- 
way timetable in the computer. The 
system will cover the control of four 
neighbouring traffic centres and will 
optimise the traffic flow at them by 
comparing a series of fixed programmes 
with varying traffic densities. 


Solid State Cooking 


HAT Is believed to be the world’s 

first solid state cooker was exhibited 
by the Appliance Controls: Branch of 
Smiths Clock and Watch Division at the 
Electrical Development Association Exhi- 
bition at Harrogate in February. The 
cooker controls are replaceable modules 
for one hotplate, three non-linear regu- 
lated hotplates, linear regulated grill, and 
meat probe. An oven thermostat and 
programming clock are also fitted. 

All meals are said to cook perfectly 
and the oven is switched off automatically 
at the end of the cooking period. The 
control modules are powered from a 
12 volt supply. 


Northern Lights 


A WINDOWLESS channel electron multiplier will be used 
for the first time in experiments to map the electron 
density during an aurora—the event better known as the 
“Northern Lights”. This new device, developed by 
Mullard, has been launched into space for the first experi- 
ment from Northern Norway. The multiplier is essenti- 
ally an open ended glass tube with a high resistance coating 
on its inner surface. 

When a voltage is applied between the ends of the tube 
the coating acts as a continuous dynode. Electrons are 
bounced off the coating at several random points. Secon- 
dary electrons are emitted from the resistive layer and 
drawn down the tube, each producing more secondary 
electrons when it strikes the tube wall. The cumulative 
effect is a cascade of electrons at the high potential end. 
With 5,000 volts between the ends of the tube and power 
consumption of only 0-2 milliwatt, the gain is of the order 
of a hundred million. 

The device is much simpler and smaller than a con- 
ventional electron multiplier, which has separate dynodes 
each needing a different voltage supply. It is expected 
that the multiplier will be also used in mass spectrometry 
and ultra violet spectroscopy. 


Number Please ! a 


i LOOKS as if the telephone dial is on the 
way out at last. It seems to be a logical 
step in this push-button age to introduce 
push-button telephones. In fact, plans 
are under way in America to convert to a 
radically new system of subscriber calling 
although the order of letters and digits 
remain much the same as before. 

It is expected that the new system will be 
operative throughout the U.S.A. (about 
844 million subscribers) within 10 years. 

Tests have shown that it is more than 
twice as fast to “press out’’ a call than to 
dial. Furthermore it is claimed that this 
new method is easier and more accurate. 


~ BEGINNERS start here... [6 


An Instructional Series for the Newcomer to Electronics 


VW" are all well aware of the desirability of getting 
a quart into a pint pot. It is now our purpose 
to explain how this has been achieved with capacitors. 

Using any of the constructional methods described 
last month, we find that the component becomes very 
large and bulky as the value of capacitance increases. 
For values of say I#F and upwards, the physical 
size of a “paper”? capacitor is often much too great 
for normal applications. This question of size is most 
important nowadays with the continuing trend towards 
miniaturisation in electronic devices. 

Together with this demand for smaller and more 
compact circuit assemblies comes the demand for very 
large capacitance values (several hundreds of micro- 
farads) due mainly to the special requirements of 
circuits based on transistors. 

The electrolytic capacitor is no newcomer to the 
scene but modern production techniques have advanced 
so tremendously that there is now little problem in 
getting a quart into a thimble—speaking figuratively 
of course! Let us now look more closely at this 
component. 


ELECTROLYTIC CAPACITORS 


Very high values of capacitance are achieved within 
modest volumes by replacing the normal solid di- 
electric with an insulating film formed by electro- 
chemical action. 

In the usual form of “dry” electrolytic capacitor 
construction, two electrodes of aluminium foil are 
separated by a paper foil which is impregnated with a 
chemical solution or paste. See Fig. 6.1. 
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ELECTROLYTIC 
CAPACITORS 


Here is a representative group of 
electrolytics. The two large 
components are dual units and 
each incorporates two separate 
32uF 350V working capacitors 
within the one metal can. The 
common negative connection is 
the centre tag. 

The smaller components with 
lead-out wires have the following 
values and _ voltage _ ratings 
(reading left to right): [00uF, 
I5V, 50uF 25V, [5uF I12V, and 
60..F IOV. 

A pair of plastic encased 
miniature capacitors specially 
designed for close packing on 
printed wiring boards are also 
shown. These have two pins 
emerging at oneend. The larger 
one is 300.F 10V, the other 25..F 
25V. 


When a d.c. potential is applied to the aluminium 
foil electrodes, a thin insulating film is formed on the 
surface of the electrode connected to the positive side 
of the supply. The large capacitance values realised are 
due to the extreme thinness of this film which acts as 
the dielectric between the two aluminium foils. This 
film has a high strength and can withstand voltages 
of up to about 600V. 

The paper which carries the paste is fully conductive 
and therefore does not increase the effective thickness 
of the dielectric film in any way. 

It should be noted that the so-called “dry” electro- 
lytic is not in fact completely dry; this term is used to 
distinguish it from the earlier type of wet electrolytic 
which used a free liquid electrolyte. 

Solid electrolyte aluminium foil capacitors—which 
are truly “dry”? have been developed recently. These 
have a semiconductor material in place of the usual 
electrolyte. 


ETCHED FOIL 


By embossing or etching treatment, the effective 
surface area of the metal foils can be effectively in- 
creased and thus an even greater capacitance obtained 
for a given bulk. Such capacitors are known as 
etched foil type to distinguish them from the normal 
plain foil electrolytics. 

The layers of aluminium foil and impregnated paper 
are wound into a roll and this is then sealed in a metal 
or cardboard case or encapsulated in a resin or plastic 
moulding. During the sealing process precautions 
are taken to prevent evaporation of the moist paste or 
solution. These capacitors are not completely her- 
metically sealed, however, as a certain amount of 
gas is formed inside during normal operation. 


The polarity of the lead-out wires or soldering tags 
is clearly marked on the body of the electrolytic 
capacitor, and must be carefully observed in use. 
Reversal of these polarities will cause a breakdown 
of the dielectric and the capacitor will be, in all prob- 
ability, ruined. 

To the left of the photograph appears the circuit 
symbol for an electrolytic capacitor. It will be seen 
that the positive and negative plates are clearly 
distinguished. 

The maintenance of the dielectric film is dependent 
upon the application of a d.c. polarising potential, 
and a small leakage current is a normal characteristic 
of this type of capacitor. After a long period of non- 
use, the film disintegrates; subsequent application of a 
suitable polarising voltage will cause a heavy current 
to flow initially, but as the dielectric film is restored, 
this current will fall to its normal leakage value. 

The rated working voltage marked on an electro- 
lytic capacitor is somewhat lower than the voltage 
applied during manufacture in order to “form’’ the 
dielectric. Certain types, designed to withstand for a 
short period voltages in excess of the normal rating, 
have in addition a surge voltage rating which is approxi- 
mately the same as the forming voltage. Surge-proof 
capacitors of this kind are used as “reservoir” 
capacitors in rectifier filter circuits. 


NOT FOR A.C. ALONE 

The electrolytic capacitor is not suitable for circuits 
where only a.c. is present, but it is widely employed 
in circuits where an a.c. component is superimposed 
on a steady d.c. potential; for example, in filtering 
the pulsating output from power rectifiers and in de- 
coupling cathode bias resistors in respect of low 
frequency signal voltages. As the frequency of the 
applied a.c. is increased, dielectric losses in the film 
increase and the power factor becomes very large 
(about 15 per cent). Consequently this restricts the 
use of electrolytics to low frequency applications, 
since at r.f. they present considerable impedance. 
This will be discussed more fully when we deal with 
a.c. theory. 


ALUMINIUM FOIL PAPER FOIL— 
(CONNECTED TO IMPREGNATED WITH 
ELECTROLYTE 


LEFT HAND TAG) 


ALUMINIUM FOIL 
(CONNECTED TO 
RIGHT HAND TAG) 


RUBBER—PLASTIC DISC 


Fig. 6.1. The general form of construction of an electrolytic 
capacitor. The assembly is housed in either a metal or 
plastics case. Note that the dielectric—which consists of 
a thin insulating film deposited on one aluminium foil—is 
not actually shown in this diagram. This film is deposited 
by electro-chemical action during manufacture, and this 
particular process is referred to as “‘forming”. It is 
essential to connect electrolytic capacitors according to 
the polarity indicated on the case. Sometimes the positive 
(+) tag or lead will be identified with a red mark and the 
negative (—) with black 
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The method of construction does not lend itself to 
fine control of capacitor values, and tolerances of 
—20 per cent and +50 per cent are quite usual, while 
tolerances of up to 100 per cent are not uncommon 
among certain types. 


WIDE RANGE OF VALUES 


There is an extensive choice of capacitance values and 
working voltages in the electrolytic type capacitors 
currently available. The physical size of the com- 
ponent is naturally determined by the magnitude of 


these two factors. 


Values ranging from about 0-14F to 1,000“F for 
operation at 50 volts or lower are available in either 
a sub-miniature or normal size class. High working 
voltages, such as 150, 350, 450 and 600 are provided 
in the normal size class of components, where the 
upper capacity limit is generally about 32“F; although 
even here smaller components are becoming more 
usual due to the etched foil technique. 

Standard values are multiples of 8uF and combined 
units comprising two or three separate capacitor 
sections are made. In such double or treble units, a 
common negative connection is usually provided. 

Some metal enclosed electrolytics have their outer 
casing connected internally to the negative electrode, 
while other types have their case isolated from the 
internal electrodes. Indication of the method adopted 
is printed on the side of the component, and should 
be noted before use. 

Plastic sleeves are sometimes fitted to the smaller 
tubular types to allow the metal case to be insulated 
from chassis or from adjacent components. This is 
obviously not necessary in the case of plastic encap- 
sulated types; these are very useful for close packing, 
for example on small printed wiring boards. 


NON-POLARISED ELECTROLYTICS 


Non-polarised reversible versions of the foil type of 
electrolytic are also manufactured. Such capacitors 
consist of, in effect, two separate capacitors connected 
in series, back to back. The resultant capacitance 
is normally half that of the polarised type for a given 
working voltage. 


Electrolytic capacitors (especially those of the 
aluminium foil type) are more liable to be influenced 
by external conditions than solid dielectric capacitors, 
and their efficient and reliable operation is dependent 
upon the strict observation of a number of points. 


1. Ensure that the polarity is correct before con- 
necting up. 


2. Do not exceed the maximum rated working 
voltage. Likewise, do not operate under conditions 
where the applied d.c. will be considerably less than 
the nominal working voltage. Either extreme con- 
dition could bring about a deterioration of the dielectric 
film. 


3. Never connect to.a pure a.c. supply. 


4, Keep away from sotirrces of heat, such as power 
rectifiers and large output valves. 


We have now dealt with the physical nature of 
capacitors, and have indicated how they react to 
direct current (d.c.). Further discussion of the 


capacitor will arise when we reach the subject of 


alternating current (a.c.). 
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page by Jack Hum 


GoUM 
Which Bands for What ? 


Having equipped himself with a 
receiver and an aerial in accordance 
with the suggestions offered on this 
page last time (February) the prac- 
tical electronician* will be in a 
position to take a serious interest 
in what goes on the short waves. 

Before all else, however, he would 
be well advised to re-read the terms 
of his receiving licence. He may 
get a surprise or two at being 
reminded that he is_ prohibited 
from listening to anything outside 
amateur and broadcast transmissions. 

Nobody can stop him from hearing 
what he shouldn’t: he cannot 
pretend that the forbidden stations 
are not there as his tuning scale 
passes across them, for the process 
of hearing is an involuntary and 
virtually automatic one. Per contra, 
the process of listening is a conscious 
and deliberate one and needs to be 
exercised circumspectly and within 
the terms of the domestic licence. 

To readers who know what “*73”’ 
means the fascination of short- 
wave listening will lie in the six 
h.f. amateur communication bands 
rather than in the frequency areas 
allotted to broadcasting—though this 
is not in any way to decry the latter: 
they have been known to turn up 
some exotic growths to the enthusiasts 
prepared to dig between the rows of 
heavy kilowattage. 


Broad Guide to Propagation 


Every explorer of the high fre- 
quency allocations soon discovers 
that each of the six bands possesses 
distinctive characteristics capable of 
as tabulated broadly as follows: 

1-8Mc/s, local by day, up to 500 
miles by night; 

3-5Mc/s, 500 miles day, 1,000 
miles night; 

7 Mc/s, 1,000 miles day, 3,000 
miles night; 


*And why not? Technicians, electricians, dieti- 
cians, and morticians! Electronicians are in 
good company! 
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14 Mc/s, 2,000 miles day, 8,000 
miles night; 

21Mc/s, world wide at certain 
times of year; 

28Mc/s, 50 miles ground wave at 
sunspot 11-year minima, world 
wide at sunspot 11-year 
maxima. 

Please note the operative word 
“broadly”: the bands vary in theircom- 
munication capability according to 
the time of year as well as by day 
and night. Moreover, an individual 
station’s “‘breakthrough’’ capability 
must be taken into account as well: 
one well sited and well equipped 
(not necessarily with high power) 
will make himself heard in circum- 
stances that vary markedly from the 
above “‘broad guide to propagation”’. 


Question of the QSL 


Many—not all—transmitting ama- 
teurs exchange QSLs to verify that 
they have been in radio contact 
with one another. ‘‘The QSL is the 
final courtesy of a QSO’’, as some 
of them put it. 

Millions of QSL 
cards shuttle about 
the world during the 
course of a year, 
some of them mailed 
direct where a 
verification card is 
needed from a rare 
country or station, 
but most of them 
passing through the 
QSL Bureaux which 
the national societies 
maintain. 

The phrase ““QSL’”’ 
is one of many which 
the amateur trans- 
mitting movement 
adapted for its own 
use. (Originally it 
meant “‘Please send a 
receipt’’.) 

It was a North West London 
amateur, G2UV, who invented the 
idea of the QSL card more than 40 
years ago at a time when to work 
anybody at all over the air was an 
event, and some form of written 
confirmation that the event had 
happened was not at all a bad thing 
to have. 

And so the QSL Card was born, 
a colourful adornment to many a 
“*ham shack’’—and a curse to those 
who do not collect them! For it 
must be admitted that the active 
amateur with a prominent signal on 
the band (any band!) will be deluged 
with useless reports from listeners 
whose sole desire is to secure his 
card rather than to offer a worthwhile 
comment on his signal. 

It is to the weaker stations, those 
hard to winkle out, those likely to 
be surprised that their signals reached 
your aerial at all, that listener reports 
may be most profitably sent. 

ur illustration shows a QSL card 
designed to cover all modes of 
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operation while presenting the opera- 
tor with the minimum amount of 
writing to do. 

The main callsign is G3LM. Sub- 
sidiary callsigns are added for “Stroke 
P’’ (portable) operation, “Stroke A’”’ 
at an alternative address, and “Stroke 
M”’ for mobile. 

Being a club station G8LM will 
have an official list of GPO-approved 
operators, one of whom signs the 
card and adds his own callsign, at 
the same time wishing the recipient 
the universally-known ‘‘73”’ or ““Best 
Wishes’”’. 

Suitably modified, a listener report 
card could follow the style of this 
one—except that the callsign in large 
letters would be replaced by the 
person’s BRS (British Receiving 
Station) or BSWL number, these 
being allocated by the Radio Society 
of Great Britain and the British 
Short Wave League respectively. 

Coloured QSL cards are not 
inexpensive. So get plenty printed 
while your printer has the job in 
type—and send them out sparingly 
only to operators whom you are 
pretty sure from the sound of their 
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signals will be glad to get them. 

What to do when the other men’s 
cards start coming back to you? Use 
them as wallpaper? Thousands of 
amateurs do—but how dustladen, 
faded and generally secondhand they 
look after a few years on display! 

A sensible scheme is to pin up one 
from each country heard or worked, 
and to file the rest. 
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OR OUR next project we have chosen a two-stage audio 
Fomplifier. a device which has a multiplicity of appli- 
cations, as we shall see. The circuit of the amplifier is 
given in Fig. 1. Both transistors are arranged in the 
common emitter mode. That is, the emitter is common 
to both the input and output signals. 

The input signal is applied to the base of TR1, and 
it appears in an amplified form at the collector. From 
here the signal is coupled through C2 to the base of 
TR2. The signal current in the collector circuit of 
this transistor is fed through an earpiece or pair of 
headphones. 

Some sort of input level control is necessary to avoid 
overloading the transistors with powerful input signals. 
This is arranged by using the potentiometer VR1, 
which takes the form of a vertically mounted “‘printed 
board”’ type skeleton preset. 


CIRCUIT ACTION 


To avoid disturbing TR1 biasing conditions, the 
signal is taken from the potentiometer to the base 
through the coupling capacitor Cl. Base current for 
TRI is set by R1, and a small degree of d.c. stabilisation 
is provided by the action of the collector load R2. 
This is because R1 is returned to the collector instead 
of direct to the negative supply line. If there is a 
tendency for the collector current to rise due to thermal 
effects, the voltage across the load R2 would also rise. 


AUDIO 
AMPLIFIER 


AND R.F. PROBE 


This would cause a drop in the voltage at the collector 
and a corresponding fall in current through the base 
resistor R1. Thus, the fall in base current would tend to 
pull back the rise in collector current. 

In the circuit under discussion, however, there is no 
possibility of the transistor being damaged due to a 
rise in collector current, since the current is safely 
limited by the relatively high value collector load. 
The maximum current that could possibly flow is only 
about ImA on a 4-5 volt supply. Nevertheless, this 
simple form of stabilisation is worth noting. 

An increase in leakage current, due for instance to the 
transistor being subjected to high temperature in a cir- 
cuit where the collector current is limited, results in a 
progressive drop in gain until eventually the transistor 
saturates or “bottoms” and the gain drops to zero. 

The base current in TR2 is set by R3. For best 
results the value of R3 should be adjusted for a collector 
current of about 3mA. The value chosen was found to 
satisfy this condition in the prototype. 


SCREENED 
LEAD 


Fig. |. Circuit diagram of the amplifier 


SIGNAL TRACING 


The amplifier is not difficult to construct and it 
operates well from a 4:5 volt battery. The earpiece 
should be medium or high impedance. For signal 
tracing, the input of the amplifier is connected across the 
various signal circuits of the equipment under test. 
For example, if the exercise is to locate a defect in a 
record player amplifier, the input would first be applied 
across the pick-up circuit with the gain turned up. 
The pick-up signal should be heard at good quality if 
this item of the player is working correctly. 

The test amplifier input would then be connected to 
the grid of the first stage, to the grid of the second stage 
and so on forward towards the loudspeaker. If the 
signal can be heard at the grid of, say, the first stage, 
but not at the grid of the second stage, then the fault 
would lie somewhere in the first stage or in the coupling 
between the first stage to the second stage. Further 
component to component tests of this nature would 
soon reveal the actual location of the fault. 

Distortion could be checked in a similar manner, of 
course, for the test amplifier would show exactly at 
what point in the circuit the distortion takes place. 
Normal servicing techniques would then he used to 
locate the faulty component. 

The amplifier is sufficiently sensitive to check the 
output of pick ups, tape heads and microphones direct. 
However, as it stands it is suitable only for audio 
signal tracing. 


oS © 8 eS © © 8 © 6 &. © 


© 606060060060 060080006 6 (6 


e® @ @eo oO 60 © @ © O 86 


oc 6 © © & 6 8&6 £€ & & & 


o 8€# © © 6 68 © © 6 © OD _ 2 


© © © © @ © © 00 0 e | 


Fig. 2. Underside view showing connections 


Fig. 3. Component layout and external leads 


COMPONENTS .. . 


AUDIO AMPLIFIER 


Resistors 
Ri 220kQ 
R2 4-7kQ 
R3 47kQ 


} All £ watt 10% carbon 


Potentiometer 
VRI 100k skeleton type preset (Radiospares) 


Capacitors 
Cl 6uF 6V (T.C.C. type CE2) 
C2 6uF 6V_ (T.C.C. type CE2) 


Transistors 
TRI OC70 or OC7I (Mullard) 
TR2 OC7I (Mullard) 


Miscellaneous 
Sample Veroboard, p.v.c. insulated wire, 4-5 volt 
battery, earpiece medium impedance 


R. F. PROBE 


Capacitor 
C3 1,000pF 250V tubular ceramic 


Diode 


Di OA8I (Mullard) 


Miscellaneous 
Ball-point pen (see text), screened wire, p.v.c. 
insulated wire, crocodile clip 


CONSTRUCTION 


Fig. 2 shows the Veroboard layout to suit the circuit 
in Fig. 1. This shows the copper strip side of the board. 

Fig. 3 shows the components and link wire in position 
on the top of the board. In spite of the relatively 
large number of components used in this project, there 
should be no difficulty in accommodating them all on 
the small piece of Veroboard. 

The potentiometer is mounted by its two outside 
tags, as in the sixth project. The centre tag (that 
connected to the slider) needs to be bent carefully 
underneath the component and extended to the 
appropriate hole by a length of p.v.c. insulated copper 
wire. 

The resistors can be 4- or 4-watt insulated carbon 
type, as before, while the electrolytic capacitors are 
sub-miniature versions. Wire ended resistors and small 
capacitors can be easily arranged to span the required 
distances by bending the wires to meet the holes used. 
This permits a degree of flexibility in the choice of 
component. 


R.F. PROBE 


For the tracing of modulated r-f. signals, a detector 
or demodulator must be used in front of the amplifier. 
This is not a complicated device, and consists only of a 
couple of components, as shown in Fig. 4. Here the 
test r.f. signal is applied across a shunt rectifier via the 
capacitor C3, and when the circuit is connected to the 
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OUTPUT 
LEAD 


EARTH CONNECTION 
Fig. 4. Circuit of r.f. probe 


amplifier the input potentiometer (VR1) serves as the 
detector load, across which the audio signal is 
developed. 

The ideal arrangement is for the detector circuit 
to be housed in an insulated plastics case which can 
form the basis of a test probe. Such a housing is 
shown in Fig. 5. This is the plastics case of an inexpen- 
sive ball-point pen which can be obtained from a 
number of stationers. The type of pen in question has 
a metal ferrule between its two screw-in sections. 

The plastics ink cartridge and ball-point assembly is 
removed. Most of the plastics ink cartridge is cut off 
and discarded, while the remaining metal ball-point tip 
and a short piece of the tube are thoroughly cleaned. 
The ball-point end, in fact, forms the connector of the 
probe, as shown. 

The capacitor and diode are connected in series and 
the free wire end of the capacitor is soldered to the 
metal ball-point assembly. Care has to be taken over 
this exercise to avoid damaging the remaining short 
length of plastics tube. 

Next, the free wire end of the diode and the junction 
of the capacitor and diode are connected to two thin 
insulated lengths of connecting wire. The retractor 
button at the pocket end of the pen housing is removed 
and a three-foot length of thin, screened lead is threaded 
through the hole at the end of the barrel. The braid 
is stripped back and soldered to the wire connected to 
the free wire end of the diode. A second, very thin 
wire is also soldered to this screen. 

The inner conductor of the screened lead is then 
soldered to the wire which is connected to the junction 
of the capacitor and diode. The capacitor, diode and 
ball-point assembly are then slid into the housing and 
the thin wire connected to the braid is then arranged to 
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Fig. 5. Cut away section of the probe. Note the connection 
of be braid to the clip and the diode; centre core to Cl 
an 


pass through a small hole in the pen top and soldered 
to the clip. This provides the “earth’’ connection. 
The probe is completed by soldering an earth wire 
terminated by a crocodile-clip to the outside of the 
metal clip. The far end of the screened lead is, of 
course, connected to the input of the amplifier, in such a 
way that the braid connects to the battery positive line. 


TRACING MODULATED RF. 


The amplifier and probe combination is now very 
useful indeed, for it allows the tracing of r.f. signals in 
radio receivers. All that is necessary is to connect the 
“‘earth” lead to the “‘earth’’ or chassis of the equipment 
under test and then to pick up the r.f. signal with the tip 
of the probe at any convenient point in the circuit. 

A reasonably powerful station can, in fact, be picked 
up at the control grid of the frequency changer valve 
in a radio set, for instance, and the signal can be fol- 
lowed through the equipment, at i.f., right up to the 
input of the detector stage. Thus, any discontinuity 
in the circuit will be immediately revealed. 

Care should be taken when using any test equipment 
with a.c./d.c. type receivers where the receiver metal 
chassis or earth circuit may be connected to the “‘live” 
side of the mains supply. When testing equipment 
of this nature, it should always be seen that the neutral 
side of the mains is on the “earth” or chassis circuit. 
The test equipment should also be isolated by capacitors 
—one in each lead—not exceeding 0-005uF. Pre- 
ferably, the equipment under test should be isolated 
from the mains by a transformer. 

For reasons of safety it is NOT recommended that this 
r.f. probe should be used on a.c./d.c. type equipment. 
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NOTHER interesting exercise in transistors is in the 

building of a multivibrator unit. A very useful 

device of this kind can be easily built upon the sample 
Veroboard, as this article reveals. 

The complete circuit is given in Fig. 1. From this 
it will be seen that two readily obtainable and inex- 
pensive Mullard transistors are employed. The 
collector of TR1 is capacitively coupled to the base 
of TR2, while the collector of TR2 is back-coupled 
capacitively to the base of TRI. This represents the 
basic circuit of any multivibrator, except that where 
valves are employed the control grid and anode are 
wired to take the place of the base and collector of 
transistors. 

It is interesting to note that the first valve multi- 
vibrator was evolved as early as 1918. 


CIRCUIT ACTION 


The cross-coupling of the multivibrator circuit 
produces what, in effect, is an oscillator, due to positive 
feedback. Oscillation is sustained due to the loop 
gain of the circuit being greater than unity. 

Actually, the circuit functions by one transistor 
being switched on while the other is switched off. 
The switching on and off alternates between the two 
transistors at a rate determined by the time-constant 
of the circuit. 

When power is applied to the circuit from the bat- 
tery, a slight unbalance in the components and random 
current disturbances in the circuit push one transistor 
towards current cut-off and the other towards full 
conduction, This particular state is regenerative due 
to the cross-coupling. One transistor is switched 
fully on while the other is switched off, alternating 
very rapidly with the reverse condition. 

Let us suppose that TR1 is “on” and TR2 is “‘off”’. 
This makes the collector end of C2 less negative than 


+ 7 the base end. C2 thus charges and, at the same 
Wi iS time, the base of TR2 goes negative bringing it into 
conduction from its “‘off” state. Again, the effect is 

regenerative, so that TR2 is switched fully on and 


TR1 is switched off. 


a & 

This time Cl charges, making the base of TRI go 
negative, thereby causing the cycle to repeat, but this 
time in relation to the other transistor. The circuit 
is in that way caused to oscillate in terms of switching 


from one transistor to the other. 

The speed of the switching or the repetition fre- 
quency of the multivibrator is governed by Cl! dis- 
charging through R2, and C2 discharging through R3, 
and thus by the time-constants of these circuits. In 
effect, there is also a discharge path through the bases 
of the transistors, so that to some extent the repetition 
frequency is governed also by base leakage currents 
—and hence, by temperature. 

It is interesting to note that when Cl = R2 equals 
C2 x R3 the resulting square wave has equal on and 
off (mark and space) times, as shown by the accom- 
panying waveform in Fig. 1. The mark/space ratio 
can be adjusted by unbalancing C1,R2 and C2,R3, 
but the circuit will fail to work correctly where such 


Mol=ju ‘a IVE unbalances are very large. 


RICH IN HARMONICS 


Thus, the multivibrator produces a square wave 
output. This means that its output is very rich in 
harmonics of the fundamental frequency, for a pure 
square wave can be analysed as a fundamental sine 


wave plus harmonics of this fundamental frequency 
up to infinity. Of course, there can be no perfect 
square wave as it is impossible to obtain all harmonics 
up to infinity! Nevertheless, very good wave shapes 
are possible. 

The harmonic output of the multivibrator is useful 
for a number of applications, one being as a test 
signal generator for fault-finding in audio and radio 
equipment, To test the continuity of any audio or 
radio channel up to several megacycles, the output 
of the multivibrator needs to be connected to the input 
of the equipment under test. The signal will then be 
heard as a whistle or buzz in the loudspeaker. 

The multivibrator is also suitable for checking the 
high frequency range of an amplifier. An oscilloscope 
will display a good clean square wave when connected 
to the amplifier output, while the input is fed with the 
multivibrator signal, provided that the high frequency 
response of the amplifier is good. The oscilloscope 
should also have a wide frequency range. It is worth 
comparing the amplifier output waveform with the 
multivibrator waveform to ascertain any deficiencies 
in the response. It should be possible to determine 
the response of an amplifier up to about 25kc/s or even 
higher depending, of course, on the fundamental 
frequency of the multivibrator. 


COMPONENTS .. . 


Resistors 
RI 1kQ R3 27kQ 
R2 27kQ R4  1kQ 
All resistors {W 10% carbon 


Capacitors 
Cl and C2 4,700pF (Radiospares type Hi-K) 
C3 O-luF 250V (T.C.C. type PMX4) 


Transistors 
TRI and TR2 OC7! (Mullard) 


Miscellaneous 
Sample Veroboard I?in x IZin 
4-5 volt battery 
Signal output wires 


The signal tracing amplifier in the previous article 
could also be utilised by picking up the injected multi- 
vibrator signal at any point in an amplifier or receiver 
chain, 

The component values given in Fig. 1 give a pulse 
repetition frequency in the order of 5,000c/s, this 
being quite a useful frequency to use for a number of 
applications. 


CONSTRUCTION 


Fig. 2 shows how the metal strip side of the Vero- 
board is soldered to form the circuit in conjunction 
with the components. 

Fig. 3 shows the mounting of the components 
actually on top of the board. There are no undue 
problems here. The largest components are Cl and 
C2, but low-voltage capacitors of 4,700pF (i.e. 
0:0047F) are readily obtainable of a size suitable for 
the small board. 

The circuit works quite well from a 4-5 volt battery, 
but care should be taken to avoid reversing the battery 
polarity, as this could damage the transistors or alter 
their characteristics. 
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Fig. |. Circuit diagram of transistor multivibrator. Note 
that the pulse repetition frequency is governed by CI,R2 
and C2,R3. When these are equal, the mark/space ratio of 
the waveform is equal. The mark/space ratio can be 
adjusted as required by unbalancing CI,R2 and C2,R3. The 
frequency can be locked by the application of synchronising 
pulses to the base or collector 


Fig. 3. Mounting of the components on the top of the board 
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HE NEXT article in this series describes how Vero- 

board can be used to construct an audio oscillator. 
As will be seen from Fig, 1, the circuit is very straight- 
forward. It employs a single transistor to create a 
positive feedback loop by means of transformer TI. 
Feedback takes place from the collector to the base, 
and the signal is developed across the resistor in the 
emitter circuit. This circuit is known as a Hartley 
oscillator. 

To provide some control over the amplitude of the 
output voltage, the emitter resistor constitutes the 
resistive element of a preset potentiometer VR1, the 
output signal being taken at the required level from 
the slider, via the coupling and isolating capacitor C2. 

The base current is determined by the value of Rl, 
and with an OC71 transistor a value of 220 kilohms was 
found to be satisfactory. Capacitor Cl acts as a 
decoupling component in essence, and without it the 
circuit will not oscillate. A battery supply in the 
order of 4:5 volts is adequate for normal operation, 


CONSTRUCTION 


Fig. 2 shows the copper strip side of the Veroboard, 
and reveals clearly how some of the strips need to be 
broken to form the pattern of the circuit. The filled- 
in holes indicate component connections with p.v.c. 
insulated wire. 
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Fig. 3 shows the components actually in position 
on the reverse side of the board, with the external 
connecting links which are required. 


COMPONENTS 


Owing to the small dimensions of the board used, 
it is obvious that miniature components must be used. 
This applies particularly to items like capacitors, 
potentiometers and transformers, Ordinary + or } watt 
insulated carbon resistors are suitable. These have 
a body length of about 0-4in and a diameter of about 
0-15in. 

The capacitors should be of the sub-miniature 
type designed for low voltage transistor applications, 
while the potentiometer (VR1) should be an open 
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Circuit diagram of the oscillator 


(skeleton) preset type designed for vertical mounting 
on a printed board. The type used in the prototype 
has dimensions of jin in height and 4in in width. 
The centre tag of this type does not quite line up with 
a hole on the board, but by bending it carefully under- 
neath the body of the component, a small piece of 
copper wire can be used to extend the connection to 
the appropriate hole on the board. The two outside 
tags (i.e. those connected across the resistive element) 
should be arranged to pass through the appropriate 
holes Al and Cl. 


TRANSFORMER 


The other problem component is the transformer. 
This should have a ratio of between 2:1 and 6:1. 
A driver transformer designed for transistors is quite 
suitable; the centre-tap on the secondary winding is 
not used. Miniature types designed for transistor 
circuits and printed board mounting are obtainable 
from component specialists. 

The type employed in the prototype has thin wire 
terminations which can be pushed into the appropriate 
holes in the board and will be quite firmly anchored 
when soldered to the copper strips. Some trans- 
‘formers have lugs at the base of the metal clamp 
which can be pushed through slots in the board and 
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Fig. 2. Underside view of the board showing the 
copper strip breaks and position of the transformer 
mounting lugs 


twisted with a pair of pliers. If these lugs are not 
needed they can be bent back underneath the body 
of the transformer. 

The circuit will only oscillate when the phasing of 
the windings gives positive feedback. In practice it 
may be necessary to experiment by reversing one of the 
windings in the circuit to achieve oscillation. It may 
be found possible to reverse the phase by changing 
over the wires which form the transformer termina- 
tions. If this is not possible, then the pattern of the 
circuit on the board will need to be altered slightly to 
achieve the correct phase. 

Soldering should be performed with a small instru- 
ment iron (15 or 25 watts). Prolonged heat on the 
small components, particularly on the transistor 
wires, should be avoided by using a thermal shunt 
(pair of pliers) whenever possible. The transistor 
wires should not be cut down. 


COMPONENTS... 


Resistor 
RI 220kQ 


Potentiometer 
VRI 2-5kQ skeleton type 


Capacitors 
CI 0-IuF 250V (T.C.C, type PMX4) 
C2 0O-IuF 250V (T.C.C. type PMX4) 


Transformer 
TI Transistor driver transformer 2-8:1 (Radio- 
spares type T/T6) 


Transistor 
TRI OC7I (Mullard) 


Miscellaneous 
Sample Veroboard, p.v.c. insulated connecting 
wire, screened output cable, 4:5 volt battery 


J CENTRE TAP WIRE 

NOT CONNECTED 
Fig. 3. Component layout of the unit. Note the wiring of 
the transformer. If the correct phase is not achieved, the 
connections on one winding only should be reversed if 
oscillation is not apparent 


APPLICATIONS 


The device provides adequate output for working 
a pair of headphones. As a morse practice oscillator, 
a morse key can be arranged to switch the power 
supply. 

The assembly can also be used as an audio test 
oscillator, the output in this case being applied to the 
input of the audio amplifier under test. By injecting 
the oscillator signal to the control grid circuits of each 
stage, up to the loudspeaker or output terminals of the 
amplifier, the defective stage can be located. 

The signal can also be employed to modulate an 
r.f. signal of either a small transmitter or a signal 
generator. Indeed, for any application where an audio 
signal is required the oscillator can be brought into 
service. 
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NEWS BRIEFS 


Cybernetic Drawing 


OVIET engineers have devised a cybernetic method of 
drawing any black and white picture with the help 
of an electronic computer and phototelegraph. 

Man’s only job is to give the computer an assigment. 
From numerous elements of images stored in the 
computer’s memory as sets of zeroes and unities 
denoting black or white dots, the machine pieces 
together the picture required. 

Engineers have designed an electronic machine which 
creates the images and transmits them on to a photo- 
telegraphic receiver. 

Although the machine performs up to 10,000 opera- 
tions per second, which is a comparitively slow per- 
formance, it will take not more than 30 minutes to 
synthesise an image, depending on the complexity of 
the picture. Usually it takes one to seven days for a 
man to do this job by hand. No controller is required 
because the machine does the checking itself. 

The cybernetic method of synthesising images is also 
applicable to other tasks: from designing of standard 
types of buildings to the production of animated 
cartoons. 


Sound in the Royal Festival Hall 


GREAT deal has been said both publicly and privately 
about the ‘“‘assisted resonance” in the Royal 
Festival Hall, and whether or not it is a realistic attempt 
to enliven the acoustics. Mr T. E. Bean (General 
Manager) insists, and quite rightly so, that there is 
nothing magic about it—no back room boys turning 
up the bass control of a public address amplifier. 
The secret is in the ceiling as John Valence explained 
last month. The effect can, however, be quite different 
between a large orchestra and a small ensemble. Much 
depends also on the types of instruments used. 
Another feature of the modifications in the Hall is a 
closed circuit television system. Patrons who normally 
arrive after the concert has begun, usually wait until 
the end of the first piece before entering the auditorium. 
Now they can, to some extent, join in by watching the 
concert on four 23in television receivers installed by 
E.M.I. Electronics. The cameras are fixed in the spot- 
light housing below the circle balustrade. 


Retired Computer 


EO I, claimed to be the world’s oldest operating 

electronic computer, retired from active service on 
4 January. For nearly fourteen years the computer has 
handled the finances of J. Lyons & Company. 

Parts of this historic computer, which contains over 
7,000 valves and half a ton of mercury, will be given to 
the Science Museum in London. It was originally 
designed and installed by English Electric in 1951. 
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Counting the Telephone Calls 


AMERAS are to replace paper and pencil for record- 
ing millions of telephone exchange meter readings 
which register each subscriber’s telephone calls. After 
extensive tests at Edinburgh—where it cut the reading 
time for 1,000 meters from 4 hours to 10 minutes—the 
new photographic system is to be introduced nationally. 
Earlier Post Office experiments with photographic 
meter reading over a number of years had been aban- 
doned due to technical difficulties and prohibitive costs. 
The specially designed equipment which the Post 
Office is now using consists of a pre-focused camera 
mounted at the back of a “hood” resembling a pyramid 
shaped loudhailer. All the meter reader has to do is 
to press the mouth of the hood on to a selected square 
of upright rack which houses the meters—and pull a 
trigger. This sets off a flash inside the hood, giving a 
a shadow-free picture of 100 meters on under a square 
inch of film. 3,500 meters can be “read” before the 
camera needs reloading. 

Films taken from the cameras are wound on to 
automatic projectors which show up individual meter 
readings in numerals half an inch high. Each reading 
is recorded twice on a punched card by different 
operators. Both readings are checked against each 
other automatically before the final figure is passed to 
the telephone billing department. 


Weather “Wheel” Rolls Around Earth 


AY accurate daily weather report from orbiting 
space “eyes” is getting nearer. The first such 
official programme is expected to commence next year 
and its impact on world weather reporting will revolu- 
tionise conventional meteorological systems. The RCA- 
built TIROS launched on 20 January from Cape 
Kennedy is the forerunner of the new space age weather 
reporter. 

Travelling at 460 miles high, the latest TIROS 
satellite is designed to photograph the entire Earth 
every day. Equipped with two television cameras it 
will “troll”? about its orbit like a cartwheel, sending back 
valuable information. 


UK3 In Space 


HE THIRD British satellite UK3, due to be launched 

in the U.S.A. during the winter of 1966-67, is to be 
built entirely in the United Kingdom, experiments on 
the ionosphere will be carried out while the satellite is in 
orbit at an altitude of 55 kilometres. 

Communication with the satellite will be by the stan- 
dard Goddard Space Flight Center pulse frequency 
modulation telemetry system on a frequency band of 
136Mc/s for the transmitter and 148Mc/s for the 
receiver. Information received by the satellite will be 
stored until it comes within range of the ground 
communications centres. The manufacture of the 
satellite structure is the responsibility of the British 
Aircraft Corporation, while the main contractor for 
the electronics is G.E.C. (Electronics) Limited. * 


ACR ee, 


COLOUR TELEVISION SURVEY 


MANUFACTURERS 


] HE TELEVISION receiver industry in the United 
Kingdom has given. much consideration to the 
choice of a system of colour television. It is considered 
that the important factors to be taken into account are 
those which arise from the point where the signal leaves 
the transmitting aerial. ; 

The earlier stages concern only a limited number of 
installations where there are skilled staffs, whereas 
receivers have to be operated by members of the public, 
who have no special skills; receivers must, therefore, 
be simple to operate and as reliable as possible. The 
system must nevertheless be capable of producing good 
quality colour pictures on these simple receivers, while 
the quality of picture displayed on monochrome 
receivers (i.e. the compatibility) will, for many years, 
be of the utmost importance. 

As a result of its investigations the Industry, repre- 
sented by The British Radio Equipment Manufac- 
turers’ Association (BREMA), is firmly of the opinion 
that of the three systems currently on trial the NTSC 
system is the most suitable for a public broadcasting 
service. 

At the meeting of CCIR Study Group XI Sub-Group 
on Colour Television held in London in February 1964 
it was evident that, although the U.K. receiver industry 
was unanimously convinced of the superiority of NTSC 
(and indeed this was the preference expressed as the 
official U.K. view), further documentary evidence would 
be desirable, and that this evidence should be fully 
available to other European countries. 

It was recognised that there had been suggestions in 
certain quarters that the public could not operate these 
receivers easily and that the absence of the hue and 
colour intensity (saturation) controls in a SECAM 
receiver was a point in its favour. BREMA therefore 
decided to conduct its own large-scale trials which have 
established that this suggestion is a fallacy. The differing 
types of NTSC receivers produced by a number of U.K. 
manufacturers were stable and easy to handle, and 
under normal home-viewing conditions it was found 
desirable to have hue and colour intensity controls. 


COLOUR PICTURE QUALITY 


NTSC has the highest horizontal colour definition 
potential, while the vertical colour resolution is greater 
than the other systems (twice that of SECAM) and is not 
subject to spurious horizontal beat patterns. NTSC 
has, therefore, the highest potentiality for good colour 
pictures. It is assumed that the colour pictures trans- 
mitted will be of a high standard, and it has been proved 
that NTSC receivers are fully capable of reproducing 
them. 

NTSC gives the best results on monochrome receivers 
since it has the lowest colour sub-carrier visibility and 
an absence of spurious patterns on moving pictures, 
which can be troublesome on both the other systems. 
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VOTE FOR NTSC 


CONTROLLABILITY 


The recent BREMA home viewing tests have proved 
that the controls on an NTSC receiver are stable and 
easy to handle, even by unskilled viewers; although it 
is perfectly satisfactory to have separate tuning, colour 
intensity, and hue controls, the NTSC system is flexible 
and all these controls can be made automatic if desired. 

The tuning control (a problem with all systems on 
u.h.f.) is probably the most important of these, and can 
be simplified by the employment of automatic frequency 
control, either with or without push-button channel 
selection. 

The colour intensity control can be automatic with 
NTSC, but is very useful in correcting for differing 
ambient lighting conditions and for the preferences of 
individual viewers; SECAM is considered unsatis- 
factory in this respect. 

The hue control (also normally available with NTSC 
but not with SECAM) enables the viewer to adjust the 
picture to his personal preference and to compensate 
for different tints of ambient lighting or small changes 
of colour which may occur at the programme source. 

The NTSC system is in practice non-critical in terms 
of i.f. response for both the luminance and chrominance 
channels; the use of suppressed colour sub-carrier 
ensures accuracy and stability of white balance. NTSC 
receivers are less complicated than those for other 
systems. 


WEAK SIGNAL RECEPTION 


Due either to the attempt to receive a signal in an 
area not yet properly covered by the u.h.f. service or to 
the use of inefficient receiving aerial installation it has 
been found that some receivers have to work under 
exceptionally poor reception conditions. It is therefore 
essential that the receiver circuits should not fail to 
operate under such conditions, and that a very low 
signal/background “noise” ratio should not cause a 
disproportionate degradation of the picture. Experience 
shows that the NTSC receiver gives the best results 
under these conditions. 


COST OF RECEIVERS 


Estimates of the costs of the latest SECAM receivers 
show little difference from the known cost of NTSC 
receivers, but the new SECAM techniques involve 
simplifications of circuitry which have so far given 
disappointing results. The cost of a PAL receiver is 
significantly more expensive than an NTSC receiver. 

The NTSC system offers the greatest scope for im- 
proved definition of colour pictures and good compata- 
tible performance on monochrome receivers. It is also 
the most suitable system for use with single-gun tubes 
should these become available. 


Solderless Terminal Fastener 


S. H. Collett Manufacturing Co. Ltd., 347-349, Goswell 
Road, E.C.1. 

An ingenious tool for wire stripping, cutting and 
crimping is available from the above mentioned firm. 
Known as the Collett 3-way Crimper, it is handy for 
those who experience trouble soldering terminal 
connectors to wires. 

The crimper is priced at 48s. 


PRODUCTS 


Listen In Comfort 


New High Power Batteries 


Ever Ready Co. (Great Britain) Ltd., Hercules Place, 
London, N.17. 

Our photograph shows the new range of round 
cell high power batteries recently announced by 
Ever Ready. 

The standard “‘U” type batteries are ideal 
where intermittent use, moderate powers and 
high voltage are necessary, such as receivers and 
torches. But motor-driven, portable equipment 
really needs higher capacity batteries capable of 
delivering larger currents for longer periods with 
less voltage drop. 

The new “HP” round cell batteries have been 
specially designed to fulfil these needs. They 
have a paper separator—much thinner than the 
electrolyte wall in the conventional paste version 
—and high grade electrolytic manganese dioxide, 
which has very fine depolarising properties. 

At the higher current levels the HP2 will last 


Amplivox Ltd. Beresford Avenue, Wembley, phe! 
more than six times as long as the U2. 


Middlesex. 

A new moving coil version of the Jetlite 
headset has foam air cushions which enable it 
to be worn for very long periods in comfort 
without contracting headaches due to pressure 
on the ears. The cushions also exclude extra- 
neous room noises so providing complete aural 
privacy and good quality sound reception. 

The boom arm is adjustable for length and 
320° angle of rotation enables the wearer to 
select right- or left-hand usage. 

Each earphone is low impedance (200 ohms) 
providing an excellent frequency response 
throughout the audio range. They can be 
supplied wired for either monaural or stereo 
operation; the boom arm microphone is 
optional. 

The price of the complete headset is £12 6s. 8d. 
list price. The headphone without boom is 
£9 Is. 6d. list price. 
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be F.M.Tuner Construction Units 
Martin Electronics Ltd., 154/155, High Street, 


Brentford, Middlesex. 

Being more attractive and simple to construct 
the “‘build-it-yourself’”’ kits are now becoming 
more popular. Due mainly to the increasing 
use of printed circuit and transistor techniques, 
one can now build a unit that has a truly pro- 
fessional finish. 

Our photographs show a new f.m. tuner by 
Martin Electronics. The tuner, like all their 
kits, comes in unit form and there are three such 
units in this set. Powered by 12 volts at 12mA 
it has a sensitivity of 2 microvolts for 20dB signal/ 
noise ratio; 5 microvolts for 40dB signal/noise 
ratio. The i.f. rejection is better than 50dB and 
image rejection is better than 20dB. Drift is 
less than 25kc/s and an automatic frequency 
control is incorporated for accurate tuning. 

The tuning range is from 88 to 108 Mc/s and 
the audio response is flat from 30 to 15,000 c/s 
enabling 50 microsecond de-emphasis. Output 
voltage is 100mV into high impedance (100,000 Q) 
on average reception. 

The price of the tuner is £12 17s. 6d., or can be 
purchased in separate units as follows, f.m. 
head complete with tuning capacitor £5 12s. 6d.; 
if. amplifier strip £5 7s. 6d.; and the escutcheon 
drive, mounting assembly and controls £1 17s. 6d. 
These prices include purchase tax. 


A transformer designed specially for miniature work has 


New Tape Recorder 


Debenhams Electrical & Radio Distribution Co. Ltd., 
Eastbrook Road, Eastern Avenue, Gloucester. 


A new tape recorder from Bang & Olufsen (Den- 
mark) Ltd, designed for the user who owns a hi-fi 
system and desires a good recorder to complete the 
set-up is now available from the above firm. 

The Beocord 1500 has no mixing facilities or output 
replay amplifier but does feature meter recording level 
indicators. Provision is also made for any corrections 
to be carried out to stereo balance on recording or 
replay. The Beocord 1500 retails at 89 guineas. 


Mullard Digitrons 


In last month’s article “Electric Clock with ‘Digital 
Display” the digitron type number was incorrectly 
given as G 530M. This should read Z520M (available 
through retailers). 


Transformer 


just been announced by Belclere. Known as type “ES” it Miniature Mains 
occupies less than one cubic inch and weighs less than two 
ounces. 

Ideal for transistor work the transformer is rated at 110V or 
240V 50c/s primary and 12V at 40mA secondary. The trans- 


former is vacuum impregnated with thermosetting varnish, 
epoxy resin, or high melting point wax. Fixing is by pins, for 
circuit boards, or wrap-over clamp. Alternatively it can be 
supplied in a mumetal screening can lin high x Ijin 
diameter with gin hollow fixing bush at one end. 


The Belclere Co. Ltd., 
385/387, Cowley Road, Oxford. 
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A SELECTION FROM OUR POSTBAG 


Sir—I would first like to thank 
R. V. Walley, of Bristol for his 
Suggestion concerning the “‘in- 
betweens’’. I find PRaAcTICAL 
ELECTRONICS an extremely well- 
informed magazine yet I do not 
possess the ability to construct 
many of your designs. 

In the first edition of your maga- 
zine, I found the Transistor Morse 
Oscillator which I _ successfully 
undertook. Could we please have 
some more articles of this nature? 

G. Chisholm (aged 15), 
Rawmarsh, 
Yorkshire. 


We're sure this issue will keep you busy 
for quite a time. 


Sir—I was horrified and astounded 
when I read J. E. Brown’s letter 
decrying printed circuits in your 
February issue. 

Whilst I agree with him that few 
amateurs would care to ‘“‘mess 
about with chemicals’’ to produce 
them, he is quite wrong to say that 


there is a “lack of availability: 


on the market.’ 

My own firm have been pro- 
ducing “‘one off” printed circuit 
boards for the home constructor 
for the past year. And adver- 
tisements have appeared in Prac- 
TICAL ELECTRONICS from time to 
time. 

I cannot understand why Mr. 
Brown dislikes printed circuits, 
for they are by far the best method 
of constructing transistorised equip- 
ment. After all, you must have 
somewhere to mount your tran- 
sistors, and if that is going to be a 
piece of insulating board, you 
may as well let it carry the wiring 
as well. 

Printed circuits also make equip- 
‘ment lighter and more compact, 
there is less likelihood of errors 
during construction, and’ greater 
stability is obtained due to the fact 


that all the vital components are in 
exactly the position the designer 
intended. 

Judging by the orders we have 
received from amateurs Mr. Brown 
is clearly in the minority, and I 
trust that he will soon see the error 
of his ways. 


G. K. Sutherland, © 


Llangefni, 
Anglesey. 


... Gnd against 

Sir—Re ‘‘Down With Printed Cir- 
cuits?’ (Readout in the February 
issue Of PRACTICAL ELECTRONICS) 
I must heartily agree with J. E. 
Brown. Also from the TV service 
engineer’s point of view they 
constitute a load of trouble. Quite 
apart from ordinary component 
breakdown, distortion of the 
Paxolin board results in fractures of 
copper conductor strips, bad plug 
connections arise due to corrosion 

or folding over of contacts, etc. 
. Paul S. Willaret, 
Radcliffe, 
Lancs. 


Sir—I would like to take up some 
of the comments made in Detached 
Particles, where it is suggested that 
a case can be made out for con- 
ventional current flow direction on 
the basis of hole conduction in 
semiconductors. 

I must point out that this is not 
really so, because the idea of hole 
conduction is merely a_ useful 
method of considering a particular 
type of electron flow. The hole, 
or apparent positive current carrier, 
seems to move from positive to 
negative, but the only physical 
object which has moved is an 
electron, in the other direction. 

The positive charges are due 
to the nuclei of the atoms, which 
are not free to move. 

H. N. Rutt, 
Hatfield, 
Herts. 


Guitar for £6 


Sir—Please find enclosed photo- 
graph (see picture at top of page) 
of an electronic guitar as made to 
your specifications in the January 
issue. 

My son and I have not yet had 
time to fit the controls which are 
outlined in the February issue, 

The guitar is a great success, and 
we have played it through a small 
amplifier direct. 

Needless to say my son is 
delighted with it and the total cost 
is as follows: 


3 Gs 

Pick-up 3 0 0 
Strings .. oe © ak 1G 
String winders .. 15 0 
Varnish .. ae 6 0 
Fret wire .. ie z 0 
Araldite Glue... 6 0 
Total 519 0 


The wood was mostly odds and 
ends scrounged here and there. 

5S. W. Burrows, 

Wilmslow, 

Cheshire. 


Enlarger controller 


Sir—I am an amateur photographer 
and interested in making an auto- 
matic enlarger exposure controller 
(not a timer). 
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A SELECTION FROM OUR POSTBAG 


continued 


I have found an old American 
circuit diagram using valves. Can 
this circuit, or a circuit working 
on the same principle, be con- 
structed using transistors with 
battery power supply? 

I have been given a photocell 
type OCP71: could this be used 
in such a circuit? 

B. J. Solloway, 
Chasetown, 
Nr. Walsall, 

- Staffs. 


This is one of the few times when the low 
impedance of the transistor is a dis- 
advantage. The OCP7I you mention 
could not be used easily, as the current 
this device would deliver, when illumin- 
ated by reflected light from the baseboard 
of an enlarger, is almost the same as that 
when it is not illuminated at all. 

The problem of making a timer which 
works as you suggest is one | am at 
present investigating. In the very near 
future | hope to be able to provide a 
suitable, proved circuit.—G, J. Flanagan. 


Intercom unit 


Sir—Last night I had cause to wire 
up another amplifier for my Two- 
way Intercom published in the 
December 1964 issue. I then dis- 
covered an error in the blueprint 
circuit. 

Please note that R6 should be 
3°3kQ and NOT 33k©2 as shown 
on the blueprint. As this will 
almost certainly lead to damage 
to the output transistor, I can only 
offer my apologies to all concerned 
and hope I have saved some 
readers from disaster. 

K. Berry, 
Barton-on-Sea, 
Hants. 


Plight of the 
bumble bee 


Sir—I suppose I am rather like 
the bumble bee. Aerodynamic 
theory says that with his fat body 
and small wings he can’t possibly 
fly. But he knows nothing about 
aerodynamics—so he just goes on 
flying. 
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For a good few years now I have 
happily knocked up _ speaker 
enclosures without knowing a thing 
about it, and so far as I can tell 
they have all worked perfectly. 

But now, having progressed too 
far with a slightly more compli- 
cated project to be able to alter it, 
I am stopped dead in my tracks 
by an article on the subject by 
K. F. Russell in your current issue 
(see Jan.-Feb.). 

Oh dear! All those graphs and 
diagrams and all that stuff about 
resonance, frequencies, reflex tun- 
ing, acoustic resistance and old 
uncle Tom Cobleigh and _ all! 
Way, way above my poor befuddled 
head! 

What I am doing is trying to 


‘improve the sound with my TV 


receiver by providing a separate 
source with a Jason JTV2 tuner, 
Sinclair X10 amplifier, 152 to 
3 transformer and three speakers. 

I have bought inexpensive mass- 
produced speakers: a 134in x 
8in elliptical, a 10in x 6in middle 
range unit and a 24in tweeter. 
These are used in conjunction with 
a cheap Japanese variable cross- 
over. 

For these I have built a floor-to- 
ceiling enclosure behind the TV 
receiver. The external dimensions 
of this are 7ft 9in x llin x Sin. 
It is made of softwood and the 
internal capacity is about 1-8cu ft. 

Until I read Mr. Russell’s 
article I was merely going to line it 
with carpet underfelt and drill a 
couple of holes in it with the vague 
idea that this was a good idea to 
avoid air pressure inside. Now I 
realise that this is a most complex 
procedure. 

Please, how do I determine the 
correct reflex opening for the 
speakers and enclosure I have 


described ? 
P. H. Marsh, 
Warrington, 
Peterborough. 


We should first like to reassure you that 
one can obtain satisfying sound repro- 
duction with quite ordinary speakers in 
enclosures built without mathematics. 
It is when we wish to achieve reproduction 
which is close to the original sound that 
we need to start with loudspeakers 
capable of a smooth response throughout 
the audible range, and these tend to be 
expensive. 

The application of elementary scientific 
principles ensures that we do get the 
best from our speakers, and a cabinet 
made in this way costs no more. 

As regards the enclosure described, 
this is a most unusual shape, and we 
would not recommend it. The main 


trouble is that it is shaped rather like 
an organ pipe, and will tend to resonate 
as such. If it is open at one end for 
the bass unit, and closed at the other, 
it will resonate at about 26c/s. If it is 
open at both ends, it will resonate at 
73c/s. In both cases, there will be 
secondary resonances as the air column 
breaks up into different modes of vib- 
ration, this will give rise to a colouration 
of sound which can be very disturbing. 
In addition to this, the rather shallow 
dimension of 5in can give rise to severe 
“honking”. 

Our recommendation would be as 
follows. The tweeter unit should be 
put at one end of the cabinet, in its own 
airtight compartment, about Sin or 6in 
long. If a crossover for the middle unit 
is chosen above | ,000c/s, the middle unit 
should be placed, again in its own com- 
partment, which can be about 8in long 
at either end of the remaining length 
of the enclosure. The bass unit should 
be placed away from the ends and the 
middle of the remaining enclosure, 
preferably about a third of the way 
along. 

The whole of this enclosure should be 
loosely filled with some light absorbent 
material such as bonded acetate fibre, 
cotton wool or fibre glass, and a tuning 
slot of 9in long by 2in wide should be cut, 
the position of this not being critical. 
It would, however, tend to reduce reson- 
ances if the slot were to run parallel to 
the longer dimension of the enclosure. 


Reversed meter leads 


Sir—With reference to the High 
Impedance Voltmeter described in 
the January issue. 

I would like to know if any 
damage would be done to the 
transistor if the test leads were 
connected round the wrong way, 
and if this is so, would it be 
possible to place a diode in the 
positive test lead. 

D. J. Binnington, 
Saint Osyth, 
Clacton-on-Sea, 
Essex. 


There is no need to include a diode in 
series with one of the test leads of the 
High Impedance Voltmeter as the base- 
emitter junction of the transistor con- 
stitutes such a diode. 

If the test leads are connected the 
wrong way round, this “‘diode”’ is reversed 
biased and little current can flow anyway. 
However, as you may have observed, a 
reverse deflection of the meter occurs 
when the leads are reversed and this 
may damage the meter. 

When taking readings, always start 
on a ee range and switch down pro- 
gressively. This will protect the meter 
as any errors in connecting the leads 
will be obvious.—R.E.F.S. 


